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PREFACE. 


T"jSr  this  manual  I  have  aimed  at  giving  a  few  reliable 
methods  by  means  of  which  the  student  may  be 
enabled  to  make  any  of  the  ordinary  pathological  exami- 
nations, and  at  the  same  time  acquire  a  sound  knowledge 
of  technic.    The  illustrations  are  diagrams  only. 


To  THE  Studeot.— The  student  is  urged  to  follow  step 
by  step  the  directions  given,  and  in  a  short  time  he  will 
be  able  to  work  rapidly,  neatly,  and  well.  It  cannot  be 
put  too  strongly  before  him  that  a  mere  acquaintance  with 
a  number  of  methods  will  never  make  him  a  good  worker. 
Good  technic  alone  makes  a  method  useful,  and  a  valuable 
method  is  often  rejected  as  useless  owing  to  bad  technic. 
This  suggests  the  reason  why  some  will  .allow  only  those 
methods  to  be  of  use  with  which  they  are  familiar,  and 
which  experience  has  taught  them  how  to  use.  An  instance 
is  the  use  of  Jenner's  stain  for  blood,  which  many  have 
pronounced  unsatisfactory.  The  stain  is  one  of  the  most 
reliable  and  useful  we  have,  and  at  the  same  time  the 
simplest  of  all  blood  stains— so  simple  that  a  failure 
practically  never  occurs. 

T  8  P 
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DESCRIPTION   OF  PLATES. 


Wet  blood  films,  from  which  the  following  drawings  are  made,  show 
more  structure  than  can  be  seen  in  dry  fikns.  Stained  by  Jenner's 
eosine-methylene  blue  in  absolute  methyl  alcohol ;  drawn  with  Abbe 
camera  lucida.  Zeiss  oc.  i  and  Leitz  obj.  J,  oil  immersion,    x  1000. 


PLATE  I'^. 

Figs.  1,  2,  &  3.    Finely  granular  eosinophile  leucocytes  (poly- 
nuclear  or  neutrophile  leucocytes  of  Ehrlich). 

Extremely  irregularly  shaped  nucleus,  with  very  deeply  staining 
network  and  large  masses  of  chromatin.  Very  fine  granules,  staining 
pmk  with  eosme,  but  less  intensely  so  than  in  the  foUowing. 

Figs.  4,  5,  &  6.    Coarsely  granular  eosinophile  leucocytes 
(eosinophile  leucocytes  of  Ehrlich). 

The  nucleus,  composed  of  two  or  thi-ee  separate  rounded  lobes 
connected  by  a  slender  filament,  or  horseshoe  or  S- shaped,  has  a 
dehcate  paler  network  and  smaller  collections  of  chromatin  than  the 
nucleus  of  the  finely  granular  eosinophile  leucocytes. 

Large  and  some  smaller  round  granules,  staining  in  pure  colour 
ot  eosme  :  some  are  more  deeply  stained  at  their  periphery. 
Figs.  7,  8,  9, 10,  &  11.  Lymphocytes. 

SmaU  nucleus-usually  round,  sometimes  oval,  a  few  kidney- 
shaped- with  deeply  staining  network  and  collections  of  chromatin 

Protoplasm  pale  and  transparent. 

In  Fig.  10  the  cell  is  spread  out  in  a  drying  edge  of  the  film. 

Figs.  12  &  13.   Hyaline  leucocytes,  smaller  size. 

Figs.  14,  15,  &  16.    Hyaline  leucocytes,  large  size  (large  mono- 
nuclear leucocytes  of  Ehrlich). 

Large  nucleus-usually  kidney-shaped  or  showing  three  bulgings 
(often  appears  round  in  dry  films),  seldom  round-with  slightly 
I^mnhlvf f'^^*''-  collections  of  chrou.atin  than  in  the 
lymphocytes  whde  the  protoplasm  has  the  appearance  of  ground 
glass  and  is  less  transparent.  ei"uau 

Figs.  17  &  18.  Finely  granular  basophile  leucocytes. 

The  nucleus  is  usually  trilobed  when  not  obscured  by  granules 
with  a  very  pale  delicate  network.   The  granules  are  veiyfrregS 
v-o^orbircotir.'"  ^^'^"^  nietachromatically  L.  ^ 

^^Vlio^"^  corpuscles,  showing  normal  colour  and  variation 


PLATE  I«. 

Figs.  20.  21,  &  22.  Finely  granular  eosinophile  myelocytes 
(myelocytes  of  Ehrlich).  From  blood  flimtof  myelogenic  leuc- 
£emia. 

Large  round  or  kidney-shaped  nucleus— of  ten  eccentrically  situated 
—with  pale  scattered  patches  of  chromatin,  but  ill-defined  network 
and  no  line  of  chromatin  defining  the  outline. 

Very  fine  violet  granules,  corresponding  in  staining  with  those  of 
the  finely  granular  eosinophile  leucocytes,  but  distinctly  less  oxyphile. 

These  cells  are  normally  situated  in  the  bone  marrow,  and  form 
the  source  of  the  finely  granular  eosinophile  leucocytes  of  the  blood. 

Fig.  23.  Coarsely  granular  eosinophile  myelocyte  (eosinophile 
myelocyte  of  Ehrlich),  From  blood  film  of  myelogenic  leucsemia. 

The  nucleus  has  the  same  characters  as  in  Fig.  20,  but  its  outline 
is  obscured  by  the  large  round  granules,  which  stain  pink  with  a  blmsh 
tinge  corresponding  in  staining  with  those  of  the  coarsely  granular 
eosinophUe  leucocytes,  but  being  distinctly  less  oxyphile.  These  cells 
are  normally  situated  in  the  bone  marrow,  and  form  the  source  of  the 
coarsely  granular  eosinophile  leucocytes  of  the  blood. 

Fig.  24    Hyaline  cell.  From  blood  film  of  myelogenic  leucsemia. 

Round  or  oval  nucleus,  with  same  characters  as  in  Fig.  20,  and 
even  less  chromatin,  surrounded  by  hyaline  protoplasm  resembUng 
ground  glass.   This  cell  occurs  normally  in  the  bone  marrow. 

Fig.  25.  Coarsely  granular  basophile  cell  ('  mast  zellen '  of 
Ehrlich).  From  blood  film  of  myelogenic  leucfemia. 

The  nucleus  has  the  same  characters  as  in  Fig.  20,  but  its  outline 
is  obscured  by  very  large  and  some  smaller  round  granules,  charac- 
terised by  their  metachromatic  staining,  some  being  intense  violet- 
blue,  and  others  a  lighter  violet  colour. 

This  cell  appears  in  the  blood  in  myelogenic  leucaemia,  though  in- 
frequently. . 

P  ig.  26.  Small  very  finely  granular  basophile  cell.  From  blood 
film  of  myelogenic  leuceemia. 

This  is  a  common  form  of  basophile  cell  in  the  blood  of  myelogenic 
leucsemia. 

Figs.  27,  28,  29,  30,  &  31.    Normoblasts.    Figs.  27,  28,  and  30  are 

from  blood  films  of  myelogenic  leucfemia.  Fig.  29  is  from  a  blood  film 
of  pernicious  anaemia. 

Figs.  27  and  28  are  typical.  Size,  shape,  and  colour  of  normal  red 
blood  corpuscles,  but  containing  a  round  intensely  steined  nucleus, 
with  its  contour  sharply  defined  by  a  dark  rim,  and  in  which  but  little 
structure  or  darker  bars  and  patches,  can  be  distinguished.  Fig.  27 
shows  a  clear  space  round  the  nucleus.  Fig.  29  is  large,  but  the 
nucleus  is  characteristic.  Fig.  30  shows  a  lobcd  nucleus  which  may 
divide  into  several  separate  nuclei.  In  Fig.  31  the  protoplasm  shows 
polyohromatophilia. 
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Fig.  32.    Normoblast  nucleus,  with  only  trace  of  protoplasm. 

(?  microblast.)   From  blood  film  of  pernicious  anaemia. 

Fig.  33.  Free  normoblast  nucleus.  Easily  distinguished  from  a 
lymphocyte  with  no  visible  protoplasm  by  characters  described  above. 

In  dry  films  from  blood  of  pernicious  anaemia  blue  dots  are  some- 
times seen  scattered  throughout  the  pi'otoplasm  of  a  few  normoblasts 
.  and  red  corpuscles. 

Normoblasts  are  normally  found  in  adult  bone  marrow  as  the 
precursors  of  the  red  blood  corpuscles. 

Figs.  34,  35,  36,  37,  38,  &  39.  Megaloblasts.  From  blood  films  of 
pernicious  anaemia. 

Figs.  34,  38,  and  39  are  typical.  Two  to  three  times  as  large  as 
normal  red  blood  corpuscles  or  normoblasts. 

The  nucleus— of  ten  eccentrically  situated— is  rounded  or  irregularly 
pear-shaped ;  it  is  lightly  stained ;  its  outline  is  defined  only  by  the 
surrounding  protoplasm  or  by  a  fine  pale  chromatin  line,  and  it  con- 
tains a  pale  delicate  network  and  patches  of  chromatin. 

The  protoplasm  very  often  shows  polychromatophilia  in  various 
shades  of  violet,  and  is  frequently  separated  from  the  nucleus  by  a 
clear  space. 

Fig.  37,  megaloblast  with  a  lobed  nucleus. 

Compare  Figs.  35  and  36,  which  are  smaller  and  shrujiken  megalo- 
blasts, with  Fig.  29,  a  large  normoblast,  and  Fig.  31,  a  normoblas 
showing  polychromatophilia  in  its  protoplasm. 

Megaloblasts  are  normally  found  in  foetal  bone  marrow,  and  are 
embryonic  forms  of  nucleated  red  corpuscles. 

Fig.  40.  Gigantoblast.   From  blood  film  of  pernicious  anaemia. 

Is  simply  an  unusually  large  megaloblast.  Occurs  seldom  in  blood. 

Fig.  41.  Megaloblast  showing  karyokinesis.  From  blood  film  of 
pernicious  anaemia. 

Occurs  seldom  in  blood.  Karyokinesis  is  occasionally  seen  in 
normoblasts,  especially  in  leucaemia. 

Fig.  42.    Red   blood  corpuscles  showing    polkilocytosls.  Poly- 

chromatopliilia  is  shown  by  two  corpuscles  in  this  group,  and  by 
the  protoplasm  of  all  the  megaloblasts  drawn,  fig.  35  showing  the 
deepest  violet  discoloration. 


N.B.— For  a  standard  to  compare  the  size  of  cells,  the  normal  red  blood 
corpuscles  of  Fig.  19  must  be  taken,  and  not  the  three  abnormally 
large  red  blood  corpuscles  (megalocytes)  in  Fig.  42. 

G.  Scott. 
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Description  of  Formalin  Vapour  Absolute  Alcohol— Wet 
Method  used  for  the  Blood  Films. 

1.  Hold  the  wet  film  immediately  after  making  it— wet  Pide  down— in 

the  mouth  of  a  wide  bottle  half  filled  with  undiluted  40  per  cent, 
formalin  for  not  more  than  jiveseconds. 

2.  Drop,  ivhile  still  wet,  film  downwards,  into  absolute  alcohol.  Leave 

an  hour,  or  better  one  to  two  days  (to  get  rid  of  the  formalin,  so  that 
the  red  corpuscles  stain  red ;  this  can  be  done  more  quickly  by 
placing  specimens,  not  covering  each  other,  film  upwards  in  a  capsule 
containing  alcohol). 

3.  Blot  off  excess  of  alcohol. 

i.  Immediately,  before  any  drying  occurs,  drop  on  a  few  drops  of  Jenner'a 
eosme-methylene  blue  stain  with  a  dropping  pipette  ;  cover  with  a 
watch  glass  to  prevent  evaporation.  Stain  for  txuo  minutes— not  any 
longer. 

5.  Allow  excess  of  stain  to  run  off,  and  rinse  at  once  in  a  bowl  of  distilled 

water,  and  then  in  fresh  distilled  water  for  one  to  two  minutes,  till 
the  film  is  a  red- violet  colour. 

6.  Blot  off  excess  of  water. 

7.  Dehydrate  very  rapidly  in  absolute  alcohol,  merely  dipping  in  and  out 

as  quickly  as  possible. 

8.  Immediately  wash  off  alcohol  in  first  xylol,  wash  in  second  xylol,  drop 

on  fresh  xylol. 

9.  Mount  in  xylol  balsam. 

N.B.— The  film  must  not  be  allowed  to  dry  at  any  stage  ;  dehydrate  very 
quickly  in  the  absolute  alcohol ;  use  only  pure  distilled  water  (or 
filtered  rain  water);  use  cover-glasses  which  are  free  from  acid  or 
alkali.  ;  Journ.  of  Path,  and  Bad.,  Dec.  1900. 


Clinical  Pathology 
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CLINICAL  PATHOLOGY. 


BLOOD. 

I.— TO  CLEAN  APPARATUS  USED  IN  EXAMINATION 
OF  BLOOD. 

Apparatus,  &c.- Rubber  bellows,  porcelain  evaporating  dish,  glass  rod, 
forceps,  tripod,  sand-bath,  small  glass  capsules,  distilled  water, 
absolute  alcohol,  ether,  10  "/o  solution  of  caustic  potash,  solution  of 
potassium  bichromate,  and  sulphuric  acid  (ix.),  line  brass  gauze. 

A. — To  Clean  Cover  Slips  and  Slides. 

1.  Boil  them  in  the  bichromate  solution  for  1  hour  in 
the  evaporating  dish  on.  a  sand-bath,  adding  fresh 
solution  from  time  to  time  as  it  evaporates. 

2.  Wash  repeatedly  with  distilled  water. 

3.  Keep  in  absolute  alcohol  in  a  wide-mouthed  stoppered 
bottle. 

4.  Just  before  use,  burn  them  over  a  Bunsen  flame  on  a 
clean  piece  of  fine  brass  gauze. 

Note  —T/-  they  are  to  he  used  in  the  p-eparation  of  blood 
JUms,  dry  them  loith  a  soft  linen  rag,  do  not  hum  them. 

B. — To  Clean  Thoma-Zeiss  Pipettes. 

1.  With  the  bellows  blow  from  the  pipette  any  liquid  re- 
maining in  it. 

2.  Draw  up  some  distilled  water  and  rotate  the  pipette. 

3.  With  the  bellows  blow  out  the  water  from  the  pipette. 

4.  Repeat  this  several  times. 

5.  Draw  up  some  absolute  alcohol  and  rotate  as  before. 
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6.  Blow  out  the  alcohol  as  before. 

7.  Repeat  5  and  6. 

8.  Fill  the  pipette  with  ether  and  rotate. 

9.  Blow  out  the  ether. 
10.  Repeat  8  and  9. 

]v^OTE. — («)  If  the  ■pipette  is  quite  clean  the  glass  head  in  the 
bulb  taill  revolve  freely  lohen  the  jnj^ette  is  rotated;  if  the 
bead  adheres  to  'the  sides  of  the  bulb  the  whole  2yrocess 
m^ist  be  re^Jeated. 
(b)  If  the  blood  should  clot  in  the  pipette,  place  the  2n2^ette 
in  a  solution  of  caustic  potash  till  the  clot  is  dissolved. 
Never  pilace  caustic  potash  in  the  counting  chamber. 

C— To  Clean  the  Capillaky  Pipette  of  the  ■ 

Von  FlEISCHl's  HyEMOMETEK. 

Proceed  as  above,  using  a  pipette  with  a  fine  point  to 
blow  the  various  liquids  through  the  capillary  pipette. 

Note.— ^Zicav/s  clean  the  cover  slips  and  pipettes  yourself; 
do  not  trust  to  other  hands. 


2.-METH0D  OF  OBTAINING  THE  BLOOD. 

Ari-ARATUS,  &c.- Sharp  surgical  needle,  clean  handkerchief,  spirit 
lamp,  clean  cover  slips  and  slides. 

1 .  Sterilise  the  needle  in  the  flame  of  a  spirit  lamp. 

2.  Take  the  lobe  of  the  ear  between  the  thumb  a.nd  fore- 
finger of  the  left  hand,  and  turn  its  posterior  aspect 
forward. 

.3.  Make  a  sharp  and  fairly  deep  puncture  with  the  needle 
on  the  bftck  of  the  lobe. 


L  h  t  0  [I  .i.  v'v  f  S'  1  K  •  u  t  f-4  V, 

4.  Wipe  away  the  first  drop  of  blood  with  a  clean  hand- 
kerchief. 

Note. — 77ie  blood  will  umalh/  flow  freely  and  no  jmssure 
need  be  apjilied,  but  in  cases  of  severe  anmmia  slight 
jn-ess-ure  may  be  required :  this  shoidd  alioays  be  a2}plied 
as  far  as  possible  fo-om  the  puncture. 

The  blood  may  also  be  taken  from  a  finger,  by  ivind- 
ing  around  it  apiece  of  tape  m-'a  riMer  band,  and  then 
giving  a  sharp  prick  below  the  nail :  in  this  case  also 
avoid  2^')'sssure. 


3. -MICROSCOPIC  EXAMINATION  OF  FRESH  BLOOD. 

^^'''■*irtH?Hnn  f^';-ir9^°''^"  •°°^i'^J  ^^^P"*      A'-  S^-'^ss  slides,  and  forceps,  in 
addition  to  tliat  required  for  (2). 

1.  Prepare  carefully  clean  cover  slips  and  slides.  (1.) 

2.  Obtain  a  drop  of  blood.  (2.) 

3.  Take  up  a  clean  cover  slip  and  with  it  touch  the  summit 
of  the  drop  of  blood  without  touching  the  skin. 

4.  Quickly  place  the  cover  slip  face  downwards  ujaon  a 
clean  glass  slide  ;  the  blood  will  at  once  sj^read  out  as 
a  thin  even  film  under  the  glass  slip. 

5.  Examine  under  a  high  power  without  the  condenser, 
using  the  concave  mirror  and  diaphragm. 

Note. —  a)  The  follovnng  points  can  be  made  out: — 

(1)  Rouleaux  formation  of  the  red  blood  corpuscles. 

(2)  Alteration  in.  the  shape  and  size  of  red  blood  cor- 
puscles.   Notice  any  defwniity. 

(3)  Alteration  in  relative' number  of  white  blood  cor- 
puscles to  red. 

(4)  Decrease  of  hamoglobin  if  marked. 

(5)  The  amoun  t  of  fibrin  present. 

(6)  Any  increase  in  the  number  of  '  blood  p>lates: 

\b)  The  follovnng  parasites  when  present  can  be  studied 
vnth  advantage  by  this  method  -.—inasmodium  of  malaria, 
spirochcp.te  ofrela,psingfever,fila,ria  sanguinis  hominis.' 
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4 —ESTIMATION  OF  HEMOGLOBIN   BY    MEANS  OF 
VON  FLEISCHL'S  HEMOMETER  (Fig.  1), 

Apparatus,  &c.— Von  Fleischl's  hsemometer,  surgical  needle,  distilled 
water,  candle,  line  pipette. 

1,  Place  the  frame  carrying  the  wedge-shaped  piece  of 
coloured  glass  (Fig.  1,  a)  into  its  position  on  the  stage 
of  the  instrument  (Fig.  1,  b). 


Fig.  1. 

A,  Coloured  glass ;  b.  Stage ;  c.  Mixing-cell ;  d.  Capillary  pipette  ; 
E,  Reflector ;  f,  Milled  screw-head. 

2.  Take  the  mixing-cell  (Fig.  1,  c)  with  one  chamber 
quarter  full  of  distilled  water,  and  place  it  in  slot  of 
stage. 

3.  Take  a  pipette  with  a  fine  end,  and  fill  it  with  distilled 
water.    Call  this  jnpette  A. 

4.  Take  the  capillaiy  pipette  supplied  with  the  appai-atus 
(Fig.  1,  d),  it  mtist  be  scritjndoiisly  clean,  and,  having 
obtained  a  drop  of  blood  in  the  usual  way  (2),  place 
one  end  of  the  pipette  at  the  edge  of  the  drop,  and 
the  blood  will  at  once  fill  the  pipette. 


13 


5.  Take  the  pipette  A,  lying  ready,  and  containing  distilled 
water,  place  it  to  the  end  of  the  small  collecting  pipette 
and  blow  out  the  blood  into  the  mixing-cell  contain- 
ing the  distilled  water.  This  will  give  a  mixtm-e  of 
blood  and  distilled  water  in  one  chamber  of  the 
mixing-cell. 

6.  With  the  pipette  A,  fill  completely  both  chambers  of 
the  mixing-cell,  being  careful  to  mix  thoroughly  the 
blood  in  the  cell  which  contains  the  diluted  liquid. 
"When  this  is  done,  one  chamber  of  the  mixing-cell 
should  be  full  of  diluted  blood,  the  other  full  of  dis- 
tilled water  without  any  blood  in  it.  The  mixing-cell 
must  be  full  to  the  brim  in  both  chambers,  but  neither 
must  overflow  into  the  other. 

7.  Adjust  the  mixing-cell  so  that  the  compartment  con- 
taining the  distilled  water  comes  over  the  slip  of 
coloured  glass,  the  light  being  reflected  through  this, 
whilst  the  compartment  containing  the  diluted  blood 
receives  the  light  direct  from  the  reflector  (Fig.  1,  e). 

8.  To  read  ofl^  the  amount  of  liEBinoglobin  : — 

(a)  Do  not  stand  or  sit  facing  the  light,  but  sideways. 
{This  is  important.) 

(b)  Use  as  little  light  as  possible  {alioays  from  a  candle). 
Roll  up  a  piece  of  black  paper  into  a  tube,  and  look 
through  this. 

(c)  Use  first  one  eye  and  then  the  other,  and  never 
look  for  more  than  a  few  seconds  at  a,  time, 

{(1)  Move  the  milled  screw-head  (Fig.  1,  f)  with  shoi-t, 
quick  turns,  rather  than  slowly  and  gradually,  until 
the  tint  of  the  glass  wedge  exactly  corresponds  to 
the  tint  of  the  diluted  blood. 
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(e)  The  reading  on  the  scale  will  give  the  percentage 
of  hsemoglobin. 

Note.— //•  the  Von  Fleischl  hannometer  is  not  to  be  obtained 
the  estimation  of  the  hmmoijlobin  from  the  specific 
gravity  of  the  blood  is  a  very  usefid  substitute,  exxejH 
in  cases  lohere  there  is  wdema  or  dropsy. 


5.— ESTIMATION  OF  RED  AND  WHITE  BLOOD  COR- 
PUSCLES  WITH    THOMA-ZEISS  APPARATUS 

(Fig.  2). 

Aj-paeatus.  &c.-Thoma-Zeiss  apparatus,  Toison's  fluid  (xlviii.),  watch- 
glashes,  surgical  needle,  glacial  acetic  acid  solution  (xx\'i.). 

A. — Collecting  and  Diluting  the  Blood. 

1.   Be  sure  the  pipettes  (Fig.  2,  a  and  b)  are  absolutely 
clean.  (I.) 


D  8 


T — r 


O.lOOmm. 

Fig.  2. 

A,  'Red  counter';  b,  'White  coiuiter';  c,  Glass  bead;  D,  Rubber  tube; 

B,  Counting  chamber;  f,  Moat;  g.  Disc;  ii.  Ruled  squares;  i.  Cover  glass. 

2.  Filter  into  a  watch-glass  a  little  Toison's  fluid. 

3,  Puncture  the  lobe  of  the  patient's  ear  and  obtain  a 
large  drop  of  blood.  (2.) 
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4.  Place  the  point  of  the  red  coimtei'  (Fig.  2,  a)  into  the 
drop  of  blood,  and  gently  draw  up  the  blood  to  the 
mark  0'5  on  the  pipette ;  the  blood  must  reach  exactly 
to  the  mark,  and  not  beyond  it. 

5.  Quickly  place  the  point  of  the  pipette  into  the  Toison's 
fluid,  and  draw  up  the  solution  so  that  it  reaches 
the  mark  101  on  the  pipette;  it  is  of  the  utmost 
importance  that  the  fluid  should  be  drawn  up  exactly 
to  this  mark  and  not  beyond  ;  if  the  fluid  should  pass 
the  mai-k,  the  whole  process  must  be  repeated,  "pre- 
viously cleaning  the  pipette. 

8.  Mix  the  blood  and  the  diluting  solution  thoi-oughly  by 
rotating  the  pipette  foi'  1  minute  in  such  a  manner 
that  the  glass  bead  (Fig.  2,  c)  revolves  freely  in  the 
bulb.  {The  blood  is  now  ready  for  examinaiion,  but 
this  may  be  deferred  for  some  hours  if  necessary.) 

1.  Ptemove  the  rubber  tube  (Fig.  2,  d),  and  blow  out  5 
to  6  drops  from  the  pipette,  then  wipe  the  end. 

8.  Place  in  the  counting  chamber  (Fig.  2,  e)  a  small  drop 
of  the  diluted  blood  of  such  size  that  when  the  cover 
glass  is  placed  on  the  chamber,  the  disc  (Fig.  2,  g)  is 
covered,  or  nearly  so,  but  none  of  the  diluted  blood 
is  spilled  over  into  the  moat  (Fig.  2,  f)  around  the 
cliaraber ;  this  direction  must  be  carefidly  carried  out. 

9.  Press  the  cover  glass  (Fig.  2,  i)  firmly  down  upon  the 
slide,  so  that  '  Newton's  rings '  can  be  clearly  seen. 

10.  Stand  it  aside  for  5  minutes  to  allow  the  blood  cor- 
puscles to  settle ;  the  diluted  blood  is  noto  ready  for 
examination. 

To  collect  Blood  for  the  Estimation  of  White  Corpuscles. 
Take  the  pipette  (Fig.  2,  b)  graduated  1  in  10,  and 
draw  up  blood  to  mark  O'S,  then  di'aw  up  acetic  acid 
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solution  to  mark  11,  and  proceed  exactly  as  with  the 
'  red  counter.' 

Note. — This  sohotion  renders  the  red  blood  corpuscles  invisible, 
bid  the  lohite  corpuscles  stand  out  clearly. 

B. — Counting  the  Red  Blood  Corpuscles. 

1.  Use  a  microscope  Avith  Zeiss  D  lens,  concave  miiTor, 
and  narrow  diaphragm,  without  the  condenser. 

2.  Having  focussed  the  blood  corpuscles,  find  the  ruled 
lines  on  the  floor  of  the  counting  chamber  (Fig.  2,  h). 

3.  Move  the  slide  slowly  over  the  stage,  so  that  a  general 
view  of  the  whole  chamber  may  be  obtained,  and  notice 
carefully  if  the  blood  corpuscles  are  fairly  evenly  dis- 
tributed over  the  floor  of  the  counting  chamber ;  if  the 
mixing  has  been  properly  carried  out,  this  will  be  the 
case. 

4.  Having  satisfactorily  determined  the  positions  of  the 
squares,  take  one  of  the  sixteen  large  squares,  formed 
by  a  line  ruled  through  every  fifth  small  square,  and 
fix  the  slide  so  that  this  is  in  the  centre  of  the  field. 
A  Zeiss  D  will  take  the  whole  square  in  one  field 

•      (Fig.  3). 

5.  To  count,  proceed  as  follows : — 

Count  all  the  corpuscles  Ipng  wholly  inside  the  top  left- 
hand  smaller  square,  and  also  all  those  resting  upon 
or  impinging  on  the  ruled  lines  forming  the  top  and 
left-hand  side  of  the  square,  whether  the  corpuscles  be 
inside  or  outside  the  smaller  square,  but  do  not  count 
those  impinging  on  the  bottom  or  right-hand  side  of 
the  square,  even  though  they  lie  inside  it. 

6.  Count,  in  a  similar  manner,  the  corpuscles  inside  and 
impinging  on  the  lines  of  the  next  square  to  the  right. 
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7.  Count  5  squares  to  the  right,  and  then  count  the  5 
squares  undei-  tliese,  again  from  left  to  right  as  in 
reading. 

8.  Repeat  this  four  times,  till  20  squares  have  been 
counted ;  it  will  then  be  found  that  all  the  corpuscles 
lying  wholly  inside  the  rectangle,  formed  by  the  20 


Fig.  3. 


squares,  have  been  counted,  and  also  all  those  im- 
pinging on  the  upper  and  left-hand  side  of  this 
rectangle,  but  none  of  those  impinging  on  the  bottom 
or  right-hand  side. 

9.  Make  five  counts  of  20  squares  each. 

0.  To  calculate  the  number  of  red  blood  corpuscles  per 
cubic  millimetre,  proceed  as  follows 

^,      .  The  No.  of  corpuacles  per  c.  mm.  = 

.NO.  ot  corpuscles  counted  x  No.  of  times  blood  was  diluted  x  4000 
So.  of  squares  counted. 

B 
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Note.— ^'o  estimate  the  number  of  white  corpuscles  ^f^  the^ 
red  counter  proceed  as  above,  but  count  the  whole  iUU 
squares  several  times,  refilling  the  covmtviig  chamber /or 
each  cmont.  The  white  coi-puscles  an-e  stained  blue  by 
the  Toison's  fluid. 

C— Counting  the  White  Blood  Corpuscles  with 
THE  'White  Counter.' 

1.  Proceed  as  in  1  to  3  in  B. 

2.  Find  the  top  left-hand  larger  square,  and  count  aU 
.      the  white  corpuscles  lying  within  it  or  impinging  on 

the  top  and  left-hand  sides  of  this  larger  square.  All 
the  corpuscles  lying  within  25  small  squa/res  will  th^n 
have  been  counted. 

3.  Move  the  slide,  and  bring  into  the  field  the  next  large 
square  to  the  right,  and  count  as  before. 

4.  Again  move  the  slide  from  left  to  right  and  count. 

5.  Repeat.  Four  larger  squares  of  25  snmll  squares  each 
will  then  have  been  counted. 

6  Move  the  slide  now  upwards,  and  bring  into  the  field 
the  large  square  below  the  last  counted,  and  count  as 
before. 

7.  Move  the  sUde  from  right  to  left,  and  again  covmt. 

8    Proceed  in  a  similar  way  to  count  all  the  larger  squares 

until  the  whole  16  larger  squares  have  been  counted. 
9.  Clean  the  counting  chamber,  place  in  it  a  fresh  drop 

of  the  diluted  blood,  and  repeat  the  above  counts. 
10.  Calculate  as  for  the  '  red  counter.' 
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6.— MAKING  BLOOD  FILMS. 

Apparatus,  &c.  —  Perfectly  clean  cover  slips,  surgical  needle,  fine 
forceps,  clamp  forceps. 

1.  Be  sure  the  cover  slips  are  absolutely  clean.  (1.) 

2.  Obtain  a  drop  of  blood.  (2.) 

3.  Pick  up  a  cover  slip  with  the  forceps,  and  fix  a  second 
slip  by  one  edge  in  a  pair  of  clamp  forceps. 

4.  Touch  the  summit  of  a  drop  of  blood  with  the  first 
cover  slip. 

5.  Place  the  cover  slip,  immediately,  face  downward,  upon 
the  second  cover  slip:  the  blood  will  at  once  spread 
as  a  thin  film.  {Do  not  press  the  cover  slips,  but  let 
the  film  ofhlood  spread  of  its  own  accord.) 

6.  Immediately  take  the  cover  slips  up,  and,  holding 
the  edge  of  the  lower  one  between  the  clamp  forceps, 
take  the  edge  of  the  upper  one  between  a  second  pair 
of  forceps  and  slide  them  apart,  being  careful  not  to 
pidl  or  pi-ess  upon  the  film  in  any  way. 

Note. — If  the  films  are  not  required  for  use  at  once,  they 
may,  ivhen  dry,  be  kept  betweeii  layers  of  blotting  jMper. 


7.— FIXING  BLOOD  FILMS  BY  'WET  METHOD.' 

1.  Prepare  blood  films  as  usual.  (6.) 

2.  Hold  for  15  seconds  over  strong  formalin  vapour. 

3.  Place  at  once,  before  the  film  d/ries,  into  absolute  alcohol 
for  20  mins. 

4.  Stain  by  Jenner's  method,  without  allowing  the  film  to 
dry  during  any  part  of  the  process. 

NoTE.---m's  method  is  especially  suitable  for  staining  films 
of  hone  ma/rrovj.  The  method  is  fully  described  by 
the  Hon.  G.  Scott,  in  the  'Journal  of  Pathology  and 
Bacteriology;  Vol.  VII.,  page  131. 
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8.-8TA1NING  BLOOD  FILMS  BY  JENNER'S  METHOD. 

Apparatus,  &c.-Jenner's  stain  (xxxiii.),  forceps,  watch-glasses,  beaker, 
slides,  and  labels,  chemicaUy  pure  distilled  water. 

1 .  Prepare  a  film  in  the  usual  manner.  (6.) 

2.  To  fix  the  film,  dry  it  in  the  air. 

3.  Place  the  cover  slip  surface  upwards  upon  a  clean 
piece  of  blotting-paper,  pour  on  it  two  or  three 
drops  of  Jenner's  stain,  and  cover  it  at  once  with  a 
watch-glass  to  prevent  evaporation. 

4.  Stain  for  from  2  to  4  minutes. 

5.  Wash  well  in  pvu-e  distilled  water  until  a  delicate  pink 
blush  replaces  the  dirty  blue  colour  of  the  film. 

6.  Blot  quite  dry. 

7.  Mount  in  Canada  balsam. 

Note.— TAe  hottle  containing  Jenner's  stain  must  always  he 
kept  tightly  stojypered,  otherwise  the  stain  will  be  sjjoilt. 
It  is  of  the  utmost  importance  that  the  distilled  water 
should  he  qidte  piore  and  fresh,  and  that  the  heaker  con- 
tamtng  the  water  should  he  quite  clean.  If  pure  distilled 
water  cannot  be  obtained,  use  filtered  rain  water. 

If  these  directions  are  carefully  observed,  the  films  stained  by 
this  method  will  always  be  perfect,  and  nwst  beautifvl 
specimens  obtained  without  the  slightest  trouble. 


9.— STAINING  BLOOD  FILMS  WITH  EOSINE  AND 
METHYLENE  BLUE 

Apparatus  &c  -Alcoholic  cosine  (ii.),  Lijffler's  methylene  blue  (xxxv.), 
strong  foraalin  in  wide-mouthed  stoppered  bottles,  Bunsen  burner, 
fine  forceps,  beaker,  large  capsule. 

1.  Prepare  blood  films  as  usual.  (6.) 

2.  Fix  the  films  by  holding  them  surface  downwards  in 
strong  formalin  vapour  for  |  minute. 
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3.  Allow  the  films  to  dry  in  the  air  under  n  large  capsule. 

4.  With  the  forceps  hold  the  film  in  the  solution  of  eosine 
for  20  to  60  seconds. 

5.  Wash  in  water,  blot,  and  pass  three  times  through  the 
flame. 

6.  Stain  in  Loffler's  methylene  blue  for  15  seconds. 

7.  Wash  in  water,  blot,  and  mount  in  water. 

8.  Examine  under  a  high  power. 

9.  If  properly  stained,  float  carefully  off  the  slide,  blot, 
dry,  and  mount  in  Canada  balsam. 

Note. — {a)  If  the  film  is  under-stained  with  methylene  blue, 
put  it  back  again  into  the  stain. 
(6)  If  it  is  over- stained  with  methylene  blue,  dip  it  in  1% 
acetic  acid  {in  and  out)  and  wash  in  v)ater. 

(c)  //  it  is  under-  or  over-stained  with  eosine,  begin  loith  a 
neio  film. 

.Tenner's  stain  is  mtich  better  than  the  above  method,  and 
should  always  be  used  in  preference  if  it  can  be  obtained. 

10.— STAINING  BLOOD  FILMS  BY  EHRLICH'S  METHOD. 

Appakatus,  &c.— Drying  oven,  temperature  110",  or  copper  foil ;  Bhrlich 
triacid  atain  (xviii.). 

1.  Prepare  blood  films  as  usual.  (6.) 

2.  Dry  in  the  air. 

3.  Fix  them  in  a  drying-oven  or  on  a  piece  of  copper  foil 
at  a  temperature  of  110°  for  30  minutes. 

4.  Place  the  cover  slip  surface  upwards  upon  a  piece  of 
clean  blotting-paper,  and  with  a  glass  rod  allow  2  or  3 
drops  of  Ehrlich  triacid  stain  to  run  over  the  cover 
slip. 

5.  Stain  from  3  to  5  minutes. 
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6.  Wash  in  water  and  blot  dry. 

7.  Mount  in  Canada  balsam. 

Note.— TAe  success  of  this  method  depends  greatly  on  the 
stain  used,  and  great  care  must  he  taken  to  obtain  it 
from  a  trustioorthy  source. 

A  good  substitute  for  a  drying  oven  is  a  piece  of  stout  copper- 
foil,  about  12  in.  long  arid  2  in.  broad  ;  one  end  zs 
heated  on  a  tripod  over  a  Bunsen  flame,  and  in  a  few 
minutes  the  temperature  towards  the  other  end  wiU 
remain  constant.  The  exact  temperature  for  fixing  the 
films  will  be  found  by  dropping  a  little  xylol  on  the 
copper  foil,  and  taking  that  point  at  which  this  liquid 
just  boils. 


11.  — MICROSCOPIC  EXAMINATION  OF  THE  STAINED 
FILMS. 

First  examine  the  stained  film  so  as  to  obtain  a  general 
impression  of  the  relative  number  of  leucocytes  present. 
Note  (1)  the  presence  of  nucleated  red  corpuscles  and  their 
varieties,  and  the  proportion  of  '  blood  plates.' 

(2)  the  shapes  of  red  blood  corpuscles. 

(3)  the  varieties  of  leucocytes  present. 

(4)  the  preponderance  of  eosinophile  cells,  ikc. 

(5)  the  presence  of  parasites. 

Relative  Count  of  the  Leucocytes. 

1.  Having  obtained  a  good  general  impression,  fix  the 
specimen  on  a  mechanical  stage. 

2.  If  there  is  leucocytosis  use  an  oil  immersion ;  if  not, 
an  ordinary  dry  high  power  will  answer. 

3.  Count  field  after  field,  and  note  the  number  of  different 
leucocytes  in  each. 
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4.  Count  at  least  500  leucocytes. 

5.  Finally  calculate  the  percentages   of   the  different 
varieties. 

Note. —  ]V7iile  counting  the  lohite  blood  cells,  alvjays  he  on  the 
look-Old  for  changes  in  the  red  blood  corpuscles  {any 
changes  in  shape  or  size,  or  the  presence  of  nitcleated  red 
blood  corpuscles). 

A  mechanical  stage  is  very  convenient,  but  not  abso- 
lutely necessary. 


12.— CLASSIFICATION  OF  LEUCOCYTES. 

Leucocytes  present  in  Normal  Blood. 
Kanthach.  Ehrlich. 

Finely  granular  eosinophile  =  Polynuclear  [neutrophile)  = 

(70-72°/,) 

Coarsely  gramdar  eosinophile  =  Eosinophile  =  (2-4°/^) 
Lymphocytes  =  Lymphocytes         —  (22-25°/,) 

Large  iminicclear  (hyaline)  =  Large  mo7ionuclear 
Atypical  large  unimiclear  =  Transitional  forms 
BasojMle  cells  =  Mast  cells  =    (  0*5°/^) 

Cells  which  may  be  present  in  Morbid  Blood. 
Myelocytes. 

Eosinophile  myelocytes. 

Bed  blood,  corpuscles  shotoing  : — 

Polychromatophile  degeneration. 

Poikilocytosis. 

Nucleated  red  blood  corj)i.tscles  : — 
Microblasts. 
Normoblasts. 
Megaloblasts. 
The  fiym-es  in  brackets  denote  the  normal  limits. 


}  =  (2-4°/o) 
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Finely  granular  eosinophile  celh  or  polynuclear  leucocytes 
are  cells  with  irregular  deeply  staining  nuclei.  The 
protoplasm  when  stained  with  eosine  jjresents  a  finely 
granular  appearance,  and  with  Ehrlich's  ti-iacid  stain 
gives  a  neutrophile  granulation.  These  cells,  in  films 
which  have  not  been  carefully  prepared,  appear  to 
vary  much  in  size  and  shape.  The  form  which  in 
these  cases  gives  most  trouble  to  the  student  is 
the  '  exploded  '  cell.  This  appears  as  a  large,  more  or 
less  irregular  nucleus,  often  staining  faintly  and  some- 
what resembling  a  large  atypical  lymphocyte ;  the  fine 
granules  may  be  so  scattered  that  they  appear  absent, 
but  careful  search  will  usually  show  some  of  them 
lying  as  discrete  granules  between  the  surrounding 
corpuscles.  It  is,  however,  more  common  to  find  the 
nucleus  pressed  out  of  shape  and  suiTounded  by  finely 
granular  particles  occupying  two  or  three  times  the 
space  of  a  normal  cell.  These  cells  are,  with  a  little 
experience,  readily  distinguished  from  coarsely  gran- 
ular eosinophiles  and  also  from  myelocytes,  but  in  cases 
of  doubt  the  cells  are  nearly  always  finely  gi-anular 
eosinophile. 

Cowrsely  granular  eosinophile  cells.  —  Cells  with  irregular 
nuclei,  which  as  a  rule  do  not  stain  so  deeply  as  the 
nuclei  of  the  finely  granular  eosinophile  cells.  The 
protoplasm  shows  large,  coarse,  round  granules,  which 
take  a  bright  and  deep  pink  with  eosine,  and  stand  out 
clearly  from  the  surrounding  cells.  In  carelessly  made 
films  '  exploded  '  forms  may  be  found.  These  cells  ai-e 
easily  recognised,  and  in  any  case  where  the  student 
is  in  doubt  the  cell  is  almost  certainly  a  finely  gi-anular 
eosinophile. 

Lymphocytes  '  are  small  cells,  as  a  rule  approximating  in  size 
to  red  blood  corpuscles.  Their  body  is  occupied  by  a 
large  round  homogeneously  stained  nucleus,  centrally 
situated.'  Within  the  nucleus  one  or  more  nucleoli 
are  often  seen.  The  protoplasm  surrounding  the 
nucleus  often  stains  moi'e  deeply  than  the  nucleus. 

Lwrge  mononuclear  leucocytes  are  cells  two  or  three  times 
the  size  of  a,  red  blood  corpuscle ;  they  show  a  large 
oval  nucleus,  as  a  rule  situated  towards  one  side  of  the 
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cell.  The  nucleus  stains  feebly,  and  the  pi'otoplii,sm  of 
the  cell  is  fairly  abundant. 

The  transitional  fonns  of  these  cells  resemble  the  preceding, 
but  the  nucleus  often  shows  a,  deep  notching,  and 
resembles  an  hour-glass  or  kidney  shape.  The  nucleus 
also  stains  a  little  more  deeply  than  that  of  the 
atypical  large  mononuclear. 

Basophile  cells  are  cells  which  show  with  Jenner's  stain  a 
faintly  stained  nucleus  surrounded  by  deeply  stained 
basophile  gi-anules.  In  triacid  preparations  the  granu- 
lation is  unstained,  and  they  appear  as  polynuclear 
cells  free  from  granules. 

Myelocjjtes,  as  a  rule,  are  large  cells,  with  a  lai'ge  I'ounded 
nucleus  faintly  stained,  and  sm-rounded  by  a  finely 
gi'anular  protoplasm,  which  with  Jenner's  stain  often 
shows  a  bluish-pink  tinge.  These  cells  vary  in  size 
and  in  granulation,  but  after  a  little  experience  there 
is  no  difficulty  in  recognising  them. 

Uosino]]hile  mijelocijtes  are  larger,  as  a  rule,  than  the  coarsely 
gi'anular  eosinophile,  but  medium  and  small  types  are 
also  found.  The  nucleus  is  often  roimded,  and  larger 
than  that  of  the  coarsely  granular  eosinophile. 

Red  hloocl  corjmscles,  in  well-prepared  specimens,  keep  their 
natural  size  and  shape.  With  all  stains  the  hsemo- 
globin  alone  attracts  the  dye,  and  a  practised  observer 
can  (if  the  film  has  been  prepared  by  himself)  form  an 
opinion  as  to  the  relative  amount  of  haemoglobin 
present  in  each  cell  from  the  colour  of  the  stained 
corpuscles. 

Folychi-omatophile  decjenerution  is  a  term  applied  to  red 
blood  corpuscles  which  stain  a  mixed  coloiu'.  In  typical 
specimens  cells  are  often  seen  in  all  stages,  from  a  pure 
red  normal  corpuscle,  through  a  faint  bluish -red, 
to  fairly  intense  blue  with  scarcely  a  trace  of  red. 
These  changes  are  easily  seen  and  readily  recognised. 

Poikiloci/tosis  is  a  name  given  to  conditions  where  many  of 
the  red  blood  cells  show  mar-ked  nlteration  in  size  and 
shape.  They  show  most  irregular  forms,  and  the 
change  is  at  once  noticed  in  any  specimen,  but  care 
must  be  taken  not  to  mistake  the  condition  for  that 
produced  by  unskilful  preparation  of  the  film,  when  the 
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cells  may  be  pulled  or  pressed  out  of  shape.  The 
examination  of  an  unstained  fresh  specimen  of  blood 
will  always  clear  up  any  doubts. 

Nucleated  Red  Corpuscles. 

Normoblasts  are  red  corpuscles  of  the  size  of  a  normal  non- 
nucleated  cell.  The  protoplasm,  as  a  rule,  stains  as  a 
normal  corpuscle,  but  possesses  a  distinct  deeply  stained 
nucleus  (occasionally  more  than  one).  The  nucleus  is 
always  easily  recognised,  but  students  are  warned 
against  mistaking  particles  of  stain  or  stained  foreign 
matter,  which  is  often  present  in  films  ;  in  cases  of 
doubt,  several  corpuscles  should  be  found  which  show 
the  nucleus,  and  only  those  of  which  there  can  be  no 
doubt  should  be  recorded. 

Megalohlasts  are  cells  from  two  to  four  times  as  large  as  a 
normal  red  corpuscle.  Their  protoplasm  constitutes  by 
far  the  chief  portion  of  the  body  of  the  cell,  and  often 
shows  polychromatophile  degeneiution  to  a  greater  or 
less  degi'ee.  The  nucleus  is  larger  than  that  of  the 
normoblasts,  but  does  not  occupy  a  relatively  large 
portion  of  the  cell.  It  stains  more  faintly  than  the 
nucleus  of  the  normoblast,  and  may  be  so  small  that  it 
is  missed  by  an  unpractised  observer. 

The  microhlast  is  very  seldom  found,  and  is  recognised  as 
being  distinctly  smaller  than  the  normoblast. 

jSfoTE. — The  student  should  note  that  a  large  variety  of  forms 
of  leucocytes  ivill  he  met  ivith,  especially  in  films  which 
have  been  made  by  lonskilled  loorkers.  These  give  rise  to 
much  doiobt  and  difficulty,  especially  the  atypical  forms 
of  lymphocytes  and  large  mononuclear  cells.  Drawings 
should  he  made  of  all  cells  of  which  there  is  doitht,  and 
these  kept  for  ftUiore  refereiwe.  If  this  is  done  the 
difficulties  loill  diminish  loith  each  examination. 

Students  will  And  The  Histology  of  the  Blood,  by  Ehrlich  and  Laazrus, 
trans  by  Mvers,  a  most  useful  book  for  reference.  It  contains  more 
information  on  the  subject  than  any  other  book  of  its  size  published. 
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Scheme  for  Making  an  Examination  of  Blood. 
1,.  Examine  the  blood  unstained.  (3.) 

2.  Estimate  the  haemoglobin.  (4.) 

3.  Estimate  the  specific  gravity.  (13.) 

4.  Estimate  the  number  of  red   blood   corpuscles  and 

leucocytes.  (5.) 

5.  Calculate  the  ratio  of  ^  g 

Thus,  if  the  R.B.C.  =  4,000,000,  then  assuming 
5,000,000   to    be    normal,    the    R.B.C.%  =  80;  if 

theHb%was  50,  the  ratio  ^^^  =  ^  =  |  =  0-625. 

This  is  also  called  the  colour  index. 

6.  Stain  films  and  make  a  relative  count  of  leucocytes 
present,  noting  any  changes  in  the  r-ed  cells,  the  presence 
of  parasites,  &c. 

Scheme  fob  Recording  a  Blood  Examination. 

Sp.  yr.  =  =        %  Hb- 

^■?jp-  =  =  1  W.B.G.  to  R.B.C. 

W.B.C.  — 

=  •  ■  •  Colour  index  = 

R.B.C. 

Relative,  count  {in  per  cent.). 

Finely  granida/r  eosinophile  =  % 
Coa/rsely  granular  eosinophile  —  „ 
Lymphocytes  ==  >> 

Large  mono7iuclear  =  » 

Transitional  forms  =  » 

Basophile  =  » 

MyeJocytes  =  » 

Eosinophile  myelocytes  —  „ 

Nucleated  red  corpuscles  =  „ 

Variations  in  shape  of  red  corpuscles. 

Presence  and  proportion  of '  hlood  plates.^ 

Parasites  present. 

Remar/cs. 
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13.— ESTIMATION  OF  SPECIFIC  GRAVITY  OF  BLOOD 
(HAMMERSCHLAG).* 

Appabatus,  &c  —Urinometer- glass,  urinometcr,  chloroform,  benzol, 
needle,  capillary  pipette,  glass  rod. 

1.  Take  chloroform  and  benzol,  mix  these  liquids  in  a 
nrinometer-glass  in  such  proportions  that  the  specific 
gravity  of  the  mixture  is  about  1059,  i.e.,  that  of 
normal  blood. 

2.  Punctm^e  the  ear,  draw  a  drop  of  blood  into  a  capillary 
pipette,  and  blow  it  out  into  the  mixture.  The  blood 
will  not  mix  with  this  liquid,  but  floats  as  a  red  bead. 

3.  If  it  sinks  to  the  bottom,  add  chloroform  ;  if  it  rises  to 
the  top,  add  benzol.  When  the  right  density  is 
reached,  the  bead  of  blood  will  remain  suspended  in 
the  liquid. 

4.  When  this  point  is  reached,  take  the  specific  gi-a\aty  of 
the  liquid,  and  you  will  have  the  specific  gi-avity  of  the 
blood  that  just  floats  in  it. 

5.  Add  a  fresh  drop  of  blood  to  make  sure  that  the  specific 
gravity  is  correct. 

Note. — The  following  precautions  are  needed  : — The  urino- 
meter-glass  must  be  perfectly  dry  and  clean ;  add  the 
chlorofomi  or  benzole  a  few  drojjs  at  a  time,  and  after 
each  addition  stir  thoroioghly  with  a  glass  rod  :  avoid 
having  any  air  adherent  to  the  blood-drop  ;  the  ivhole 
process  must  be  cao-ried  out  as  quickly  as  possible. 

The  mixture  may  be  used  over  and  over  again  by  simply 
filtering  it  after  use. 

This  method  is  most  convenient,  and  with  a  little  practice 
rapid  and  sure. 

*  This  method  is  useful  to  check  the  results  obtained  hy  the  Vou 
Fleischl  haemometer,  and  also  when  this  instrument  is  not  obtainable,  as 
it  is  thereby  possible,  in  cases  where  there  is  no  dropsy  or  oedema,  to 
fialculate  the  amount  of  hsemoglobin  present. 
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is  possible  to  calculate  the  relative  amount  oj 
hiKinoglobin  present  by  means  of  the  following  table  : — 

Specific  gravity.  Hsemoglobin. 

1-033-35    25-30  per  cent. 

1-035-38    30-35  „ 

1-035-40    40-45  „ 

1-045-48       ...       ...  45-55 

1-048-50    55-65  „ 

1-050-53    65-70  „ 

1-05.3-55       ...       ...  70-75  „ 

1-05.5-57.    75-85  „ 

1-057-60    85-100  „ 


U.— BACTERIOLOGICAL  EXAMINATION  OF  BLOOD 

Apparatus,  &c.— Syringe,  sterilised  citrate  solution  (xv.),  small  sterilised 
Petri's  capsule,  two  agar-agar  tubes,  broth  tube. 

It  is  often  necessary  to  make  a  bacteriological  examination 
of  the  blood  from  j)atients  supjMsecl  to  be  suffering 
from  septiccemia  or  pycemia,  etc.    To  do  this  pi^operly, 
the  following  method  is  p^-obably  the  best  : — 

1 .  Prepare  the  arm  of  the  patient,  as  for  operation,  over 
the  median  basilic  vein  at  the  bend  of  the  elbow  two 
or  three  hours  before  the  examination  is  to  be  made. 

2.  Prepare  an  absolutely  sterile  syringe  with  sharp  needle. 
The  syringe  must  be  carried  in  a  large  sterilised  test- 
tube,  plugged  with  cotton  wool. 

3.  Have  also  ready  : — 

(a)  Sterile  solution  of  sodium  citrate  in  a  plugged 

test-tvibe. 
(6)  A  .small  sterilised  Petri's  capsule, 
(c)  Two  agar-agai-  tubes, 
(rf)  A  broth  tube. 
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4.  On  reaching  the  bedside,  place  the  patient's  arm  in  a 
good  light,  and,  having  your  hands  absolutely  clean, 
remove  bandages  with  the  exception  of  the  last  piece 
of  gauze. 

5.  Place  all  the  apparatus  ready  for  use. 

6.  Tie  a  bandage  round  the  patient's  arm  just  below  the 
axilla,  so  as  to  obstruct  the  venous  circulation  but  not 
the  arterial. 

7.  Take  the  syringe  from  its  tube  and  fit  the  parts  together 
if  this  has  not  already  been  done. 

8.  Pour  some  of  the  sterilised  citrate  solution  into  the 
sterilised  Petri's  capsule.  Avoid  any  unnecessary  ex- 
posure to  the  air. 

9.  Half  fill  the  syringe  with  citrate  solution  from  the 
capsule. 

10.  Hold  the  syringe  firmly,  remove  the  last  piece  of 
dressing,  and  insert  the  needle  into  the  largest  vein 
at  the  bend  of  the  elbow. 

11.  Gently  withdraw  the  piston  of  the  syringe  and  the 
blood  will  flow  readily  into  the  cylinder,  mixing  with 
the  citrate  solution. 

12.  Withdi-aw  the  needle,  and,  while  withdi-awing  it,  apply 
pressure  over  the  puncture  with  a  piece  of  sterile  gauze. 

13.  Let  your  assistant  keep  his  finger  over  the  puncture, 
whilst  you  as  rapidly  as  possible  mix  the  blood  and  the 
citrate  solution  together,  by  rotating  the  syringe  ;  this 
will  prevent  clotting. 

14.  Bandage  the  patient's  arm  carefully,  though  as  a  rule 
no  haemorrhage  takes  place. 

15.  "With  the  diluted  blood  in  the  syi'inge 

(a)  Inoculate  two  agar-agai-  tubes.    (24,  A.) 

(b)  Inoculate  a  broth  tube.    (24,  B.) 
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16.  Incubate  these  two  tubes  24  to  48  hours,  nnd  examine 
for  micro-organisms. 

Note. — The  bacteriological  examination  of  the  blood  often 
gives  negative  results,  because  small  quantities  are  taken. 
By  the  above  method  5-10  ex.  may  be  obtained  with  ease 
if  the  syringe  is  large  enough,  and  it  is  attended  by  no 
more  pain  than  that  caused  by  an  ordinary  hypodermic 
injection  :  it  is  perfectly  safe  if  ordinary  jjrecaiitions 
are  used,  and  loith  a  little  practice  quite  easy.  The  only 
difficidty  is  to  get  the  needle  into  the  vein,  but  if  the  arm 
is  ivell  constricted  above  the  elbow,  and  a  sharp  needle  is 
iised,  it  loill  usually  enter  the  vein  at  once,  and  the  blood 
How  readily  into  the  syringe.  If  the  blood  serum,  only  is 
reqioired  the  citrate  sohition  need  not  be  used.  In  some 
cases  of  severe  anaemia  the  circulation  is  so  feeble  that 
the  blood  does  not  distend  the  veins  after  constriction. 
This  difficulty  is  overcom.e  by  lowering  the  arm,  and 
raising  the  foot  of  the  bed. 


15.— SERUM  DIAGNOSIS  IN  ENTERIC  FEVER  (WIDAL- 
GRiiNBAUM  TEST). 

Apparatus,  &c.-Six  small  test  tubes  with  feet,  18-hour-old  typhoid 
culture,  platinum  loop,  broth  tubes,  capillary  pipette,  parattm  wax. 

A. — Method  of  Collecting  Blood. 

1.  Prick  the  lobe  of  the  ear,  or  the  tip  of  the  finger. 

2.  By  gentle  pressure  obtain  a  large  drop  of  blood,  and 
collect  it  in  a  small  capillary  pipette. 

3.  Seal  the  ends  of  the  pipette  in  the  flame ;  the  pipette 
may  now  be  carried  any  distance. 

B.  —Dilution  of  Blood. 

4.  Make  a  mark  with  ink  on  the  pipette  at  !i  point 
coiresponding  to  the  level  of  the  blood,  and  break  oft' 
the  ends  of  the  pipette. 


5.  Blow  the  blood  out  into  a  small  sterile  test-tube,  and 
with  the  same  pipette  add  four  times  the  amount  of 
sterile  broth,  thus  obtaining  a  dilution  of  1  in  5. 

6.  Gently  shake  the  tube. 

C. — Preparation  of  Suspension  of  Typhoid  Bacilli. 

7.  Place  a  little  sterile  broth  into  a  small  test-tube. 

8.  Add  to  this  2  or  3  loops  of  a  fresh  agar-agar  culture  of 
typhoid  bacilli,  not  more  than  24  hours  old,  and  obtain 
a  turbid  suspension. 

9.  Stir  with  the  loop,  so  as  to  obtain  a  uniform  suspen- 
sion of  the  bacilli ;  sterilise  the  platinum  loop. 

10.  Examine  a  drop  microscopically,  in  order  to  make 
certain  that  the  suspension  contains  no  clumps,  and 
that  the  bacilli  are  actively  motile. 

D. — Preparation  of  Slide. 

11.  With  the  pipette  place  a  drop  of  the  diluted  blood  on 
a  slide. 

12.  "With  a  new  pipette  add  a  drop  of  the  suspension  of 
typhoid  bacilli  to  the  drop  of  blood,  so  that  the  blood 
is  now  diluted  to  1  in  10. 

13.  Mix  the  drops  with  a  steiile  platinum  needle,  and 
place  a  cover  glass  on  the  slide. 

14.  Paint  a,  ring  of  melted  paraffin  around  the  cover  glass. 

E. — Examination. 

15.  Place  the  specimen  under  the  microscope  (high  power) 
and  examine  it  from  time  to  time.  The  red  corpuscles 
assist  in  obtaining  the  right  focus. 

16.  Watch  for  loss  of  motility  on  the  part  of  the  bacilli, 
and  for  clumping  or  agglutination. 

17.  In  a  positive  case  this  should  occur  within  an  hom\ 
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E.  Hydatid  booklets. 


F.  Ringworm, 
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18.  If  the  reaction  is  complete,  take  tlie  small  test-tube 
containing  the  diluted  blood,  and  with  the  first  pipette 
dilute  the  blood  still  further  by  adding  10  pipettes  of 
bi'oth,  being  cai-eful  to  draw  the  broth  up  to,  and  not 
beyond,  the  mai'k  made  to  show  amount  of  blood  taken ; 
this  will  give  a  dilution  of  1  in  15. 

19.  Proceed  as  before.  'The  blood,  when  mixed  with  the 
suspension  of  typhoid  bacilli,  is  now  diluted  1  in  30. 

20.  Then  dilute  the  blood  still  further  by  adding,  as  before, 
10  times  the  proper  amount  of  broth,  and  put  up 
another  drop.    This  specimen  is  diluted  1  in  50. 

21.  Examine  these  two  drops  under  the  microscope  as 
before. 

Note.  — (rt)  It  is  important  to  jjay  attention  (\)  to  the  degree 
of  dilution  ;  (2)  <o  the  rapidity  of  the  reaction. 

The  dilution  should  never  be  less  than  1  in  20,  and 
the  reaction  shoidd  appear  in  one  hour, 
(b)  If  the  reaction  is  negative  (PI.  II.,  A),  the  test  must  be 
repeated  daily  or  every  other  day  until  the  reaction 
appears  w  patient  recovers  ;  it  may  he  delayed  for  some 
toeeks. 

(a)  The  smallest  drop  of  blood  sioffices  for  the  test,  the  blood 
may  be  collected  on  blotting  paper  if  no  pipettes  are  at 
hand.    This  must  of  coicrse  be  soaked  in  loater  before  use. 

(d)  Shoidd  the  blood  clot  in  the  jnpette  so  that  it  cannot  be 
bloivn  out,  break  off  the  end  of  the  pipette  ivith  the  clotted 
blood  in  it,  and  drop  it  in  the  small  test-tube.  Then  add 
appi'oximately  fo'iir  times  the  amount  of  broth  and  shake, 
in  order  to  dilute  the  blood  thoroughly,  and  proceed  as 
befoi'e. 

(e)  Clumqying,  or  agglutination,  is  a  term  applied  to  the  typhoid 
bacilli  when  theij  adhere  to  each  other  and  form  clumps 
of  bacilli.    (PI.' II.,  B.) 
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A. — Ordinary  Method. 

Apparatus,  Sec. — Tripod  and  sand-bath,  Bunsen  burner,  watch-glasses, 
carbol  (uchsine  (xi.),  wide-mouthed  bottles  containing  water,  75  per 
cent,  spirit,  25  per  cent,  hydrochloric  acid,  Loffler's  methylene 
blue  (xxxv.),  slides  and  cover  slips,  Canada  balsam,  blotting-paper. 

1 .  Pour  the  sputum  into  a  small  glass  disli,  which  is  placed 
upon  a  black  surface. 

2.  With  a  pair  of  fine  forceps  pick  out  such  fragments  as 
appear  pvirulent,  caseous,  or  necrotic. 

3.  Rub  one  of  these  fragments  over  a  clean  cover  glass. 

4.  Place  a  second  cover  glass  upon  this,  and,  holding 
them  between  two  folds  of  blotting-paper,  press  them 
together. 

5.  Gently  slide  them  apart  and  allow  the  films  to  dry  in 
the  ail-,  protecting  them  from  dust  by  placing  them, 
mrface  doivnwards,  in  a  watch  -  glass.  Bwn  the 
blotting-paper. 

6.  When  diy,  pass  the  films  through  the  flame  surface 
upwards. 

7.  Float  the  films,  surface  doivnwards,  on  a  warm  carbo 
fuchsine  solution  for  2  to  5  minvites. 

8.  Take  one  of  them  out,  leaving  the  other  in  the  stain 
for  subsequent  examination. 

9.  Wash  rapidly  in  water. 

10.  Decolorise  in  25%  hydrochloric  acid,  by  dipping  the 
films  in  the  acid  just  long  enough  to  discharge  the 
red  colour. 

11.  Wash  immediately  in  60  to  70%  spirit,  till  no  more 
red  comes  away. 

12.  Wash  in  water. 

13.  Counter-stain  in  Loffler's  methylene  blue  (20  to  50 
seconds). 

14.  Wash  in  water,  blot,  and  dry  in  air. 
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15.  Mount  in  Canada  balsam. 

16.  Examine  with  oil  immersion. 

//  tubercle  bacilli  are  found,  no  other  method  is  required. 
If  no  tubercle  bacilli  are  foimd  ]y)-oceed  as  in  B  or  C. 

B. — Yan  Ketel's  Method. 

Apparatus,  &c.— In  addition  to  that  required  for  A:  Small  flask, 
small  beaker,  liquid  carbolic  acid,  separating  tubes,  centrifugalismg 
machine,  pipette,  chloroform,  10  "/o  solution  of  caustic  soda,  egg 
albumen,  burette  or  conical  flask  if  no  centrifugalising  machine 
is  available. 

1.  Pom-  100  c.c.  of  sputum  into  flask. 

2.  Slowly  add  5  c.c.  of  liqviid  carbolic  acid,  and  shake 
thoroughly. 

3.  Pour  the  contents  of  the  flask  into  separating  tubes 
and  centrifngalise  or  stand  aside  for  24  hom-s  in  a 
bui'ette  and  then  examine  sediment. 

4.  Remove  with  a  pipette  a  little  of  the  sediment  from 
the  lower  layers,  and  prepare  films  as  in  A. 

5.  Dry  the  films  in  the  air  and  pass  through  the  flame. 

6.  Wn'ih  them  in  chloroform  for  1  to  .3  minutes. 

7.  Qui.-kly  wash  in  water,  blot,  and  again  pass  through 
the  flame. 

8.  Then  stain  with  cai-bol  fuchsine  and  counter-stain  with 
methylene  blue  as  above. 

C. — Biedert's  Method. 
This  method  is  sjMcialhj  usef  d  when  the  spiotum  cmitains 
much  mucus. 

1.  Take  15  c.c.  of  the  sputum  and  mix  with  30  c.c.  of 
water  in  a  small  beaker. 

2.  Constantly  stirring,  add  a  little  10%  caustic  soda 
(4  to  8  drops). 

3.  Then  slowly  boil,  while  adding  gradually  60  to  90  c.c. 
of  water  until  the  mixture  acquires  a  thin  consistence. 

4.  Now  either  let  the  liquid  stand  in  a  conical  glass  for 
2  or  3  days,  or  better  still,  centrifngalise. 
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5.  The  sediment  is  mixed  with  a  little  egg  albumen  and 
then  examined  and  stained  foi'  tubercle  bacilli  like 
oi'dinary  sputum  with  this  difference,  that  the  films 
must  be  left  in  the  wai'm  carbol  fuchsine  solution 
fully  5  to  8  minutes. 

If,  as  often  ha2ypens,  only  a  little  sputum  is  available,  2}roceed 
as  follows  : — 

(i.)  Shake  up  1-3  c.c.  of  it  with  6-10  volumes  of  0-2% 

caustic  soda  in  a  test  tube  for  3  mins. 
(ii.)  Boil  this  mixture  up  several  times  in  a  small  beaker, 
(iii.)  Centrifugalise  and  proceed  as  above. 

This  method  is  also  usefid  foo'  the  examinoMon  of  pus 
fw  tubercle  bacilli  and  whenever  there  is  but  a  small 
supply  of  material. 

^(yr^.-- The  examination  of  sputum  for  tubercle  is  an  im- 
2JO0'tant  means  of  diagnosis,  and  it  is  essential  that  every 
student  shotdd  become  quite  familiar  with  the  methods. 
If  bacilli  are  plentifid  the  rest  is  easy  ;  but  if  they  are 
few  in  number  the  examination  becomes  one  of  the  most 
irksome  duties  a  sttodent  or  medical  man  can  undertake. 
Nothing  but  carefid  collection  of  the  sediment,  after 
breaking  down  the  viscid  mucus,  and  a  carefid  examin- 
ation of  a  large  number  of  films,  day  by  day,  tvill  make 
it  possible  for  a  reliable  negative  report  to  be  given. 
Every  portion  of  the  stained  film  must  be  gone  over,  field 
by  field,  ivith  a  one-tivelfth  immersion,  and  in  the  event 
of  no  bacilli  being  found,  the  report  can  only  be  to  that 
efi^ect,  viz.,  'iVo  tubercle  bacilli  found.'  Exj^erience  is, 
however,  a  great  help,  and  well-trained  observers  seldom 
fail  to  find  bacilli  if  pi'esent.  The  animal  test  is  by 
far  the  most  satisfactory  when  no  bacilli  are  foihnd,  and 
should  always  be  made  in  cases  where  a  definiite  report  is 
essential,  but  in  Evgland  it  can  only  be  undertaken  by 
a  holder  of  a  licence  for  vivisection.  The  test  consists  in 
injecting  a  small  qimntity  of  the  suspected  material 
into  the  subcutaneous  tissues  of  the  thigh  of  a  guinea  pig, 
killing  the  animal  in  from  4  to  6  iveeks,  and  examining 
the  organs  for  a  deposit  of  tubercle. 
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18.— EXAMINATION  OF  SPUTUM  FOR  MICRO- 
ORGANISMS AND  LEUCOCYTES. 

A. — Staining  by  Loffler's  Methylene  Blub. 

Apparatus  as  in  (25). 

1.  Prepare  a  film  as  in  17. 

2.  Place  the  film  in  Loffler's  methylene  blue  5  minutes. 

3.  Wash  in  water. 

4.  Blot  quite  dry. 

5.  Mount  in  Canada  balsam,  and  examine  under  a  high 
power. 

B. — Staining  by  Gram's  Method. 
Apparatus  as  in  (25). 

1.  Prepare  a  film  as  in  17. 

2.  Stain  as  in  25.,  0. 

C. — Staining  for  Eosinophile  Cells. 
Apparatus  as  in  (8). 

1.  Prepare  a  film  as  in  17. 

2.  Stain  as  in  8. 

Note. — The  sputum  miost  be  quite  fresh  if  the  eosinophile 
granules  are  to  be  demonstrated. 


DIPHTHERIA. 


19.— CLINICAL  DIAGNOSIS  OF  DIPHTHERIA. 

A. — To  Make  a  Swab. 

1.  Take  a  piece  of  straight  iron  wire  about  8  in.  long,  and 
the  thickness  of  a  knitting  needle,  wrap  tightly  around 
one  end  of  this  several  thin  layers  of  cotton  wool  so  that 
about  one  inch  of  the  lower  end,  including  the  point, 
becomes  covered. 

2.  Place  the  end  covered  with  the  wool  into  a  long,  thick- 
walled  test  tube,  leaving  the  other  end  outside,  plug  the 
mouth  of  the  tube  with  cotton- wool  plug,  and  sterilise 
in  a  hot-air  steriliser. 

jSTote. — Several  of  these  should  be  kept  ready  for  xise.  If  a 
sterile  swab  is  not  at  hand,  a  stout  plaiinum  loop  ivill 
ansiver. 

B. — Taking  a  Culture  from  a  Case  of  suspected 
Diphtheria. 

1.  Place  the  patient  in  a  good  light,  and  examine  the 
tonsils  and  fauces  for  clinical  signs,  using,  if  necessary, 
a  tongue  depressor. 

2.  Take  a  sterile  swab  and  rub  it  thoroughly  over  the 
tonsils  and  fauces,  especially  over  any  svispicious  patch 
of  membrane,  and  return  it  to  its  tube. 

.3.  Ptub  the  infected  swab  on  the  surface  of  Loffler's  serum,  or 
other  serum  medium,  and  incubate  in  a  warm  incubator. 
Examine  microscopically  as  soon  as  any  colonies  are  seen 
(often  within  12  hours). 
C— To  Examine  Cultures  for  Diphtheria  Bacilli. 

1.  Examine  the  culture  within  20  hours,  and  if  there  is  a 
growth  proceed  as  follows  ;  if  no  growth  is  found,  replace 
the  culture  in  the  incubator,  and  examine  the  next  day. 

(«)  Examine  the  colonies  with  the  naked  eye,  or 
preferably  with  a  hand  lens. 

2.  With  a  straight  sterile  platinum  needle,  flattened  at 
the  point,  pick  up  a  portion  of  one  of  the  suspicious 
colonies,  and  pi'epare 

(6)  An  unstained  specimen  (25,  A). 

(c)  A  specimen  stained  with  methylene  blue  (25,  B). 
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3.  Examine  them  for  bacilli  ;  if  no  liacilli  ai-e  present,  or 
bacilli  which  are  evidently  not  diphtheria,  make  prepaiu- 
tion  from  other  colonies  until  you  find  bacilli  resemloling 
diphtheria,  or  until  you  are  satisfied  that  no  colonies  of 
diphtheria  bacilli  are  on  the  media ;  in  the  latter  case 
i-eincubate  the  tube  till  the  next  day  and  then  examine 
again. 

4.  If  a  suspicious  colony  is  found  proceed  as  follows : — 

{d)  Make  another  prejaaration,  and  stain  by  Neisser's 
method  (25,  E),  and  note  if  any  beaded  forms  are 
seen. 

(c)  Proceed  to  isolate  a  pure  culture  as  described  in 
(74,  D). 

{f)  Make  a  microscopical  preparation  (25,  B)  to  see 

if  suspension  is  pure. 
{g)  Inoculate  from  the  suspension — 

(1)  A  glucose  broth  tube,  to  test  the  capacity 

for  forming  acid  (24,  E). 

(2)  A  Lofiier's  serum  tube,  to  be  sure  a  pure 

cultui'e  is  obtained. 

5.  Incubate  these  in  a  warm  incubator,  and  examine. 

(A)  Within  ,20  hours  examine  the  serum  tube  by 
Neisser's  method,  and  note  if  any  beaded  forms 
are  seen.    (25,  E.) 

(i)  At  the  end  of  48  hours  test  the  reaction  of  the 
glucose  broth  tube,  and  note  if  acid  or  alkaline 
(74,  E),  previously  making  a  mici-oscopic  exami- 
nation to  see  if  culture  is  pure. 
For  Report,  if — 

(1)  The  case  is  clinicaU//  diphtheria  ; 

(2)  The  culture  shows  bacilli  o'esenibling  diphtheria  bacilli 
in  shape  and  arrangement ; 

(8)  The  bacilli  show  beading  by  Neisseria  method  ; 
(4)  The  glucose  broth  gives  an  acid  reaction  at  the  end  of 
48  hoiors  ; 

then  a  Diagnosis  of  Diphtheria  may  be  made. 

The  bacteriological  examination  of  a  case  of  suspected  diphtheria  re- 
quires considerable  experience  and  care  if  a  definite  opinion  is  to  be 
given,  and  in  many  cases  it  is  impossible  to  give  a  positive  diagnosis 
without  isolating  a  pure  culture  of  the  suspected  oacillus,  and  cer- 
tainly not  without  previous  experience  with  cultures  which  have 
been  tested  on  animals. 

The  student,  however,  and  medical  men  who  see  the  clinical  aspects  of  the 
case,  can  make  a  very  xafe  report  if  the  work  is  carefully  carried  out. 
The  above  scheme  shows  how  this  should  be  done. 
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As  a  rule,  the  culture  is  made  overnight,  aud  examined  the  next  morning, 
and  if  bacilli  resembling  diphtheria  bacilli  are  found,  the  oawo  should 
be  reported  as  '  siispicioiiti ;'  in  many  cases  it  can  bo  reported  as 
'  certaiiUi/ diphtheria,' e^ypeuiiilly  it  it  gives  beading  with  Neisser's 
stain.  To  make  the  diagnosis  more  certain,  the  colony  should 
always  be  isolated  and  tested  with  glucose  broth,  and  if  at  the 
end  of  48  hours  this  is  acid,  the  diagnosis  is  confirmed  ;  if  alkaline,  a 
mistaken  diagnosis  has  probably  been  made. 

With  Neisser's  stain  it  is  important  that  the  culture  should  not  be  more 
than  'iO  hours  old,  as,  if  older,  other  organisms  maj'  be  mistaken  for 
diphtheria  bacilli— e.f/.,  Hoffman's  bacillus. 

20.— CLASSIFICATION   OF  TYPES  OF  DIPHTHERIA 
BACILLI. 

Diphtheria  bacilli  characteristic  types. — Diphtheria  bacilli 
genei-ally  show  on  cultivation  a  '  characteristic  arrange- 
ment '  and  a  variety  of  form  (PI.  II.,  0).  This  varies  with 
the  individual  organism,  with  the  kind  of  media  used, 
and  also  with  the  age  of  the  cultiu"e.  Skilled  observers 
recognise  many  types,  but  for  the  purpose  of  clinical 
diagnosis  the  types  seen  in  recent  cultures  can  be 
classified  as  follows  : — 

1.  Oval  bacilli  with  an  unstained  septum.  — ^he&e  appear  to 

be  young  forms,  and  other  forms  are  always  present 
in  the  same  culture. 

2.  Long  faintly  stained  irregularly  beaded  bacilli. — This  is 

a  curved  bacillus  of  irregular  width,  staining  faintly, 
with  one  or  more  darkly  staining  i-ounded  dots,  often 
terminal,  sometimes  central. 

3.  Segmented  bacilli. — These  bacilli  vary  in  length  ;  they  are 

curved  and  of  irregular  thickness  ;  they  stain  darkly 
with  several  narrow  unstained  or  faintly  stained  linear 
intervals,  and  one  of  the  roughly  rectangular  segments 
is  u.sually  larger  than  the  others. 

4.  RegidaHy  beaded   bacilli  (^streptococcal  forms).  —  These 

appear  as  a  row  of  dots  at  regular  intervals  in  a  pale 
bacillus ;  if  faintly  .stained  the  dots  alone  may  be  seen, 
and  the  bacilli  may  be  taken  for  streptococci ;  but  the 
regular  and  somewhat  stiff  curve  they  assume,  the 
uniformity  of  their  length,  and  finally  their  '  arrange- 
ment,' will  suggest  their  true  nature. 

5.  Uniformly  stained  bacilli. — These  stain  so  uniformly  that 

it  is  difficult  to  see  any  trace  of  segmentation  or  granu- 
lation. 

This  classification  is  taken  from  an  interesting  description  by  Dr.  Louis 
Cobbett  in  the  Journal  of  Hygiene,  "Vol.  1.,  No.  2,  1901. 
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RINGWORINI. 


21.— EXAMINATION  OF  HAIRS  FOR  RINGWORM. 

Apparatus,  &c.— Watch-glasses,  slide  and  cover  slips,  10  "  o  causti 
potash,  ether,  paraffin  wax,  carbol-gentian- violet  (xii.),  aniline  oil  and 
xylol  (v.),  Farrant's  medium  (xx.),  Canada  balsam,  blotting-paper. 

A. — Maceration  with  Caustic  Potash. 

1.  Remove  a  number  of  hairs,  and  soak  them  in  ether 
for  a  few  minutes  in  a  watch-glass. 

2.  Then  fix  them  on  a  clean  glass  slide  with  a  little 
melted  paraffin,  which,  of  course,  must  not  be  applied 
to  the  roots. 

3.  Now  pour  a  few  drops  of  10%  caustic  potash  upon  the 
hairs,  and  allow  them  to  macerate  for  some  minutes. 

4.  Remove  the  caustic  potash  carefully  yvith  blotting- 
paper,  and  wash  the  hairs  with  water. 

5.  Remove  the  water  with  blotting-paper,  and  then 
mount  in  Farrant's  solution. 

6.  Examine  with  ordinary  high  power  for  mycelial  threads 
and  spores. 

E. — Staining  by  means  of  Weigert's  Method. 

1.  Remove  a  number  of  hairs  and  soak  them  in  ether 
for  a  few  minutes. 

2.  Then  fix  them  on  a  clean  slide  with  melted  paraffin, 
leaving  the  roots  free. 

3.  Filter  a  few  drops  of  carbol-gentian-violet  upon  the 
hairs. 

4.  After  5  to  10  minutes  remove  the  stain  with  blotting- 
paper,  and  drop  a  little  Weigert's  iodine  upon  the 
hairs. 
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5.  After  half  a  minute  remove  the  iodine  with  blotting- 
paper,  and  decolorise  with  aniline  oil  and  xylol  in 
the  ordinary  manner,  watching  the  hair  all  the  time 
under  a  low  power. 

6.  When  properly  decolorised  wash  thoroughly  with  xylol. 

7.  Remove  the  xylol  with  blotting-paper  ;  remove  the 
paraffin,  and  mount  in  Canada  balsam. 

Note  {a)  the  size  of  the  spores :  microspores  or  megcdospores  ; 
(b)  the  arrangement  of  the  mycelium  :  endothrix  or 
ectothrix.    (PI.  II.,  F.) 

Scrapings  from  the  skin  may  he  examined  by  the 
above  method. 


GONORRHOEA. 


22— CLINICAL  DIAGNOSIS  OF  GONORRHOEA. 

Apparatus,  &c.— Slides  and  cover  glasses,  carbol-gentian- violet  (xii.), 
Gram's  iodine  (xxix.),  alcohol,  xylol,  Canada  balsam,  Bismarct 
brown  (viii.). 

A.— Staining  Film  with  Carbol-Gentian-Violet. 

1.  Make  films  of  the  pus,  as  usual.  (17.) 

2.  Stain  with  carbol-gentian-violet  for  5  minutes. 

3.  Mount  in  water  and  examine,  and  if  diplococci  are 
present  (PI.  II.,  D)  stain  the  same  film  by  Gram's 
method,  counter-staining  with  Bismarck  brown. 

B.— Staining  Films  by  Gram's  Method,  and  Counter- 
staining  with  Bismarck  Brown. 

1.  Place  the  film  in  absolute  alcohol  for  2  minutes. 

2.  Stain  it  in  carbol-gentian-violet  for  2  minutes. 

3.  Remove  superfluous  stain  with  blotting-paper. 

4.,  Pour  on  a  little  of  Gram's  iodine  solution,  leaving 
it  for  about  half  a  minute  (the  specimen  turns  black). 
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5.  Blot  oil'  the  iodine  solution. 

6.  Wash  in  alcohol  till  decolorised. 

7.  Wash  well  in  water. 

8.  Stain  the  same  film  with  dilute  solution  of  Bismarck 
brown  for  2  minutes. 

9.  Blot  and  dry. 

10,  Mount  in  Canada  balsam. 

Note. — The  gonococci  are  stained  brown,  other  organisms  bhce. 


PUS. 

23.— MICROSCOPIC  EXAMINATION  OF  PUS. 

Examine  the  pus  by  the  folloioing  methods  : — 

A.  Place  a  small  quantity  on  a  glass  slide  under  a  cover 
slip,  and  examine  unstained  (25,  A). 

B.  Make  a  similar  preparation,  and  allow  a  little  dilute 
acetic  acid  to  run  under  the  cover  slip,  and  note  the 
changes  in  the  leucocytes. 

C.  Prepare  films  in  the  usual  manner  (25,  B),  place  them 
3  to  5  minutes  in  10%  acetic  acid,  wash  in  water,  dry 
with  filter  paper,  and  pass  once  again  through  the 
flame. 

/Stain  the  films  (C)  by  the  following  methods : — 

(a)  Methylene  blue.    (25,  B.) 

(b)  Gram's  method.    (25,  C.) 

(c)  Eosin  and  methylene  blue.  (9.) 

(d)  Jenner's  method.  (8.) 

Note. — If  the  pus  is  to  be  examined  for  tuberde  bacilli, 
stain  as  in  (17,  C). 
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BACTERIOLOGICAL  METHODS. 


24.— INOCULATING  CULTURE  TUBES. 

Appabatus.— Media,  platinum  loop,  Bunsen  burner,  litmus  solutioD 
(xxxiv.),  small  test  tubes. 

A. — Making  Slant  Cultures. 

1.  Take  the  material  from  which  a  culture  is  to  be  made 
and  place  it  close  at  hand. 

2.  Take  two  slanted  media  tubes  and  singe  the  cotton- 
wool plugs. 

3.  Hold  the  tubes  between  the  thumb  and  index  finger 
of  the  left  hand. 

4.  Sterilise  the  platinum  loop,  and,  wheii  it  is  cool,  take 
up  with  the  loop  a  minute  quantity  of  the  material  to 
be  examined. 

5.  Remove  the  plugs  from  the  tubes,  and  hold  them 
between  the  fingers  of  the  left  hand. 

6.  Introduce  the  loop  into  one  of  the  culture  tubes,  and 
draw  it  three  times  along  the  surface  of  the  medium ; 
withdraw  the  loop. 

7.  Introduce  the  loop  into  the  second  tube  vnthout  re- 
charging it,  and  draw  it  three  times  over  the  surface 
of  the  medium  as  before. 

8. .  Replace  the  cotton-wool  plugs  into  their  respective 
tubes. 

9.  Sterilise  the  platinum  loop  in  the  flame. 
10.  Label  the  tube  carefully,  and  place  in  the  incubator. 
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B. — Making  a  Broth  or  Bouillon  Culture. 
Proceed  as  above,  but  introduce  the  platinum  loop  into 
the  liquid  medium,  and  agitate  it  slightly  while  in  the 
medium  to  wash  the  material  from  the  loop. 

— Transplanting  Colonies  from  one  Tube  to  another. 

Proceed  as  in  A,  but  hold  the  tube  containing  the 
colony  to  be  transplanted  between  the  thumb  and 
index  finger  of  the  left  hand  by  the  side  of  the  tube 
to  which  the  colony  is  to  be  transplanted.  Pick  up 
the  colony  with  the  end  of  the  platinum  loop,  and 
streak  the  tube  as  before. 

^- — To  Isolate  Colonies  op  Micro-Organisms  Growing 
ON  Solid  Media. 

1.  Take  a  test  tube  containing  sterile  07  %  salt  solution, 
and  hold  it  in  the  left  hand,  with  the  tube  containing 
the  culture  to  be  isolated. 

2.  Sterilise  a  straight  platinum  needle  in  the  flame. 

3.  Remove  the  plugs  from  both  tubes,  and  with  the  point 
of  the  platinum  needle  pick  up  a  portion  of  the  colony 
to  be  isolated. 

4.  Wash  the  end  of  the  needle  in  the  sterile 'salt  solu- 
tion, and  so  suspend  the  micro-organism  in  the  liquid. 

5.  Make  a  cover-slip  preparation  without  recharging  the 
needle. 

6.  Replace  the  plug. 

7.  Sterilise  the  needle  in  the  flame. 

8.  Stain  the  cover-slip  preparation  with  methjdene  blue 
(25  B). 
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9.  Examine  carefully  under  a  high  power,  and  notice  if 
the  organism  you  wish  to  isolate  is  present,  and  also 
whether  micro-organisms  of  other  kinds  are  also  there. 

10.  If,  as  far  as  can  be  ascertained  by  the  aid  of  the 
microscope,  the  salt  solution  contains  the  organism  you 
wish  to  separate  and  no  other,  then  shake  up  the 
suspension,  and  inoculate  the  medium. 

11.  Incubate  these  sub-cultures,  and  always  make  a  micro- 
scopic preparation  from  them  after  they  have  grown, 
to  be  sure  that  the  sub-cultures  are  pure. 

12.  If  the  colony  selected  has  proved  not  to  be  the  right 
one,  or  if  other  micro-organisms  have  been  taken  up 
with  those  which  it  is  desired  to  isolate,  another  salt 
solution  tube  and  cover  slip  must  be  prepared,  and  the 
processes  repeated  again  and  again  until  success  has 
been  gained. 

13.  In  some  cases,  where  the  original  culture  is  overgrown, 
a  salt  solution  tube  must  be  sown  with  a  mixture  of  the 
organism  it  is  desired  to  isolate  and  the  other  forms  of 
bacteria  present,  and  of  this  suspension  a  single  loop 
should  be  taken,  and  3  or  4  slant  tubes  inoculated  in 
succession.  Without  recharging  the  loop  it  is  thus 
possible  to  obtain  a  number  of  discrete  colonies,  and 
from  these  to  select  the  particular  micro-organism  you 
wish  to  isolate. 

Note. — The  above  method  was  designed^  by  Dr.  Louis  Cobhett 
for  the  isolation  of  the  diphtheria  bacillus  from  iwqnhre 
cultures, and  it  is  for  this  purpose  th  t  it  has  been  described 
here.  It  is  specially  suited  to  the  diphtheria  bacilhis, 
because  it  grows  quickli/,  and  the  medium,  itsed  favours 
it,  bid  it  is  not  .suited  for  every  form  of  miGro-or'ianism,s, 
and  it  is  not  intended  to  replace  plate  cultures. 

If  sterile  saH  solution  is  not  at  hand,  a  broth  tube 
will  answer,  but  if  many  colonies  are  to  be  isolated^  the 
salt  solution  saves  the  inedium,. 
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E. — To  Test  the  Reaction  of  a  Glucose  Broth  Culture. 

1.  Ascertain  that  the  glucose  broth  tube  is  alkaline  before 
sowing  it. 

2.  Make  a  culture  of  the  organism  in  the  glucose  broth. 

3.  Incubate  for  48  hours. 

4.  Examine  microscopically  by  means  of  a  stained  specimen 
from  the  incubated  tube,  and  be  sure  that  the  organism 
you  wish  to  test  is  pi'esent,  and  no  other ;  before 
staining  the  covei'-slips,  they  should  be  passed  through 
2  %  acetic  acid,  and  washed  in  water  (25,  B). 

5.  Take  two  small  test  tubes,  and  pour  into  each  a  little 
litmus  sokition. 

6.  Pour  into  one  a  small  quantity  of  the  glucose  broth  cul- 
ture, and  note  if  any  change  of  colour  occm-s  in  the 
solution.  This  can  be  easily  seen  by  comparing  it  with 
the  solution  in  the  other  test  tube. 

jfoTE. — This  test  is  especially  useful  in  the  diagnosis  of 
diphtheria,  as  true  diphtheria  bacilli  are  acid  producers 
i7i  the  presence  of  glucose,  and  therefore  give  an  acid 
reaction. 

If  for  any  reason  the  culture  of  diphtheria  bacilli 
grov)S  hadly,  the  acid  formation  may  be  delayed. 


I 
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25.— MICROSCOPICAL  EXAMINATION  OF  CULTURES. 

App.\ratus.— Microscope,  platinum  loop,  Bunscn  burner,  blotting-paper, 
stains,  spirit,  aniline  oil  and  xylol  (v.),  Weigert's  (liii.)  and  Gram's 
iodine  solutions  (xxix.),  carbol-gentian-violet  (xii.),  Neissers  stain 
(xl.). 

A. — Examination  by  means  op  Unstained  Specimens. 

1.  Examine  the  culture  carefully  in  a  good  light,  and  note 
the  size,  shape,  colour,  and  number  of  the  colonies. 

2.  Fix  upon  a  colony  you  wish  to  examine,  singe  the  plug 
of  the  tube. 

3.  Place  a  small  drop  of  watei'  upon  a  clean  cover  slip 
lying  on  a  piece  of  blotting-paper. 

4.  Sterilise  the  platinum  loop  in  the  flame,  and  alloio  it  to 
cool. 

5.  Hold  the  tube  between  the  thumb  and  index  finger  of 
the  left  hand,  remove  the  plug,  and  hold  it  between  the 
fingers  of  the  left  hand. 

6.  With  the  sterilised  loop  pick  up  a  minute  portion  of 
the  colony  to  be  examined. 

7.  Replace  the  plug  in  the  tube. 

8.  Spread  the  drop  of  water  on  the  cover  slip  over  the 
siu'face  with  the  platinum  loop,  and  thus  make  a 
suspension  of  the'  bacteria  in  the  water  on  the  cover 
slip. 

9.  Sterilise  the  platinum  loop  in  the  flame. 

10.  Pick  up  the  cover  slip  with  a  glass  slide. 

11.  Blot  oft'  excess  of  water  with  blotting-paper,  hvrn  the 
blotting-paper. 

12.  Examine  .with  a  high  power. 

D 
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B. — To  Make  a  Film  for  Staining  Bacteria. 

1.  Proceed  exactly  as  above  from  1  to  9. 

2.  Allow  the  film  to  dry  in  the  air  under  a  watch-glass. 

3.  Pass  the  cover  slip  three  times  through  the  flame,  film 
upwards. 

4.  Filter  on  to  the  cover  slip  a  few  drops  of  the  stain  and 
allow  it  to  remain  for  5  minutes. 

5.  Wash  in  water,  blot  dry,  mount  in  Canada  balsam. 

6.  Examine  under  a  high  power. 

Note. — The  stains  in  general  use  are  methylene  blue,  gentian 
violet,  fuchsine,  and  L'dffler's  methylene  blue. 

If  the  film  is  made  from  a  broth  culture  it  should,  after 
passing  it  throiogh  tlie  flmne,  be  di2J2^ed  into  2%  solution 
of  acetic  acid,  and  then  washed  in  water  before  staining. 

C. — To  Stain  Bacteria  by  Gram's  Method. 

1.  Prepare  a  film  as  above  from  1  to  9. 

2.  After  it  has  dried,  pass  through  the  flame,  and  place  it 
in  absolute  alcohol  for  1  minute. 

3.  Without  drying,  remove  it  into  carbol-gentian-%'iolet 
for  5  minutes. 

4.  Blot  off  excess  of  stain  on  blotting-paper. 

5.  Place  in  Gram's  iodine  solution  for  1  minvite. 

6.  Blot  off  excess  of  iodine  solution,  and  wash  in  spirit  till 
no  more  blue  colour  comes  away. 

7.  Wash  in  water,  blot  dry,  and  mount  in  Canada  balsam. 

D. — To  Stain  Bacteria  by  Weigert's  Method. 

1.  Prepare  a  film  as  above. 

2.  Dry  in  air,  and  pass  three  times  tlu-ough  the  flame. 

3.  Filter  on  to  the  film  a  little  carbol-gentian-violet  stain 
for  5  minutes. 
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4.  Drain  oil'  excess  of  stain  on  blotting-paper. 

5.  Pour  on  to  the  film  a  little  of  Weigert's  iodine  solution ; 
leave  for  1  minute. 

6.  Blot  between  several  folds  of  blotting-paper. 

7.  Wash  with  a  mixture  of  aniline  oil  and  xylol  till  no 
more  blue  colour  comes  away. 

8.  Wash  in  xylol,. and  mount  in  Canada  balsam. 

E. — To  Stain  Bacilli  by  Neisser's  Method. 

1.  Make  a  cover-slip  preparation  (25  B). 

2.  Place  it  in  Neisser's  stain  for  5-20  sec. 

3.  Wash  in  water, 

4.  Oounterstain  with  Bismarck  brown  or  Neisser's  contrast 
stain,  ^  min. 

5.  Wash,  blot  dry,  and  mount  in  Canada  balsam. 

Note. — Neissers  method,  is  used  in  the  diagnosis  of  diphtheria. 
The  hacilli  nmst  he  grown  on  Ldffl.er^s  serum  media,  and 
must  be  less  than  20  and  more  than  7  hours  old.  True 
diphtheria  hacilli,  as  a  ride,  shovj  very  dejvnite  polar 
heading,  and  often  heading  in  the  hody  of  the  hacillus. 
There  are,  hoioever,  excej)tions  to  this  rule;  some  cultures 
of  true  diphtheria  bacilli  show  no  heading,  other  cidtures 
vjhich  timi  out  to  be  non-virulent  bacilli  shoio  well- 
marked  heading ;  but,  in  spite  of  this,  the  method  is 
helpful  in  doubtfid  cases  tohen  combined  with  other  tests, 
and  every  case  giving  ivell-marked  beading,  and  shoioing 
hacilli  of  characteristic  shape  in  cidtures  less  than  20  hours 
old  on  Loffler's  serum,  should  be  regarded  as  suspticious 
until  the  contra/ry  is  proved. 
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EXAMINATION  OF  URINE. 


26.— THE  COLOUR  OF  THE  URINE. 

Observe  by  reflected  and  ti'ansmitted  light  the  colour  of 

the  specimen  of  urine. 
Shake  the  liquid,  and  notice  the  coloui-  of  any  fi'oth  that 

may  form. 

A. — The  Colour  due  to  Normal  Pigments. 

1.  Urine  of  usual  colour     =  an  amber  yellow. 

2.  Urine  of  lighter  colour  =  a  light  straw. 

3.  High-coloured  m-ine      =  a  I'eddish  yellow. 

Note. —  Urine  containing  normcd  pigments  may  vary  from 
an  almost  colourless  to  an  orange-red  liquid. 

The  normal  pigments  may  he  increased  (a)  relatively, 
as  in  concentrated  urijie  ;  (h)  absolutely,  from  increased 
metabolism. 

The  pigments  are  diminished  in  dilute  wi'ines,  and  in 
anosmia. 

B. — The  Colour  due  to  Abnormal  Pigments. 

4.  Bile  pigment    =  a  yellowish  green. 

5.  Blood  in  urine  =  a  bright  red. 

6.  Blood  in  urine  =  a  brownish  black  =  'smoky'  vu-ine. 

Note. — Urines  containing  bile  occur  in  jaundice  and  may 
vary  from  a  yelloio  to  broionish-green  colour:  it  is  best 
seen  by  shaking  the  liquid,  and  examining  the  froth  that 
forms.  Urines  containing  much  urobilin  give  a  greenish 
froth  on  sliaking.  Urines  containing  blood  vary  from 
a  light  bright  red  to  a  deep  brownish-black  colour :  tlie 
colour  is  best  seen  by  transmitted  light.  TJie  colour  of 
urine  may  be  changed  by  oilier  pigments,  e.g.,  melanin: 
and  by  drugs,  e.g.,  carbolic  acid,  rhubarb. 


27.— NAKED  EYE  EXAMINATION  OF  URINARY 
SEDIMENTS. 

A. — Healthy  Urine. 

1.  Specimen  of  healthy  urine  freshly  passed 

=  q^l^te  dear. 

2.  "  Specimen  of  healthy  urine  after  standing 

=  delicate  cloud, 

3.  Specimen  of  concentrated  mine 

=  dejMsit  of  urates. 

4.  Specimen  of  urine  with  deposit  of  mucus 

=  delicate,  almost  transjoarent,  cloud. 

B. — Abnormal  Urine  with  Organized  Sediment. 

5.  Specimen  of  urine  containing  blood 

=  faint  bright-red  colour.  (36.) 

6.  Specimen  of  urine  containing  blood 

=  bright-red  colour.  (36.) 

7.  Specimen  of  urine  containing  blood 

=  broivnish  =  smoky  urine.  (36.) 

8.  Specimen  of  urine  containing  pus 

=  thick  and  viscid  sediment.  (3b.) 

9.  Specimen  of  urine  containing  pus 

=  slimy  and  translucent  sediment.  (38.) 

10.  Specimen  of  urine  containing  pus  and  blood 

=  reddish-brown  sediment. 

C. — Abnormal  Urine  with  Unorganized  Sediment. 

1 1 .  Specimen  of  urine  containing  excessive  deposit  of  urates. 

=  bright  red  (41  C). 

12.  Specimen  of  urine  containing  deposit  of  phosphates 

=  white  (41  C). 
1.3.  Specimen  of  urine  containing  deposit  of  lu-ic  acid 
=  brick-red  dust  (41  C). 
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28.— THE  REACTION  OF  URINE. 

Test  the  urine  with  red  and  blue  htmvis  paper. 

1 .  Normal  urine  freshly  passed  =  acid  reaction. 

2.  „  after  standing  =  ,, 

3.  „  „   48  hrs.  =  alkaline  reaction  {volatile). 

4.  Urine  from  case  of  cystitis  = 

5.  Uriae  alkaline  when  passed  =         „  (Jixed). 

Note. — With  a  (so-called)  Jixed  alkali,  if  red  litmus  paper  is 
used,  the  blue  colour  persists  after  drying.  With  a 
volatile  alkali  iJie  blue  colour  fades  and  the  red  retimis 
on  drying  loith  a  gentle  heat. 


29.— SPECIFIC  GRAVITY. 

Apparatus.  —  Urinometer,  cylindi-ical  glass  vessel,  filter  paper,  and 
funnel. 

1.  If  the  urine  is  turbid,  filter. 

2.  Fill  the  glass  cylinder  three-quarters  full  with  urine. 

3.  If  any  froth  appears  on  the  sui'face,  remove  it  with 
filter  paper. 

4.  See  that  the  urinometer  is  clean  and  dry. 

5.  Sink  the  urinometer  gi'adually  into  the  liquid  until  it 
floats  freely. 

6.  Eead  the  scale  where  it  cuts  the  lowest  level  of  the 
concave  surface  of  the  liquid  by  bringing  the  eye  to 
a  level  with,  or  below  the  svu-face  of  the  urine. 

Note. — The  specific  gravity  of  healthy  urine  varies  from 
1015  to  1020. 
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30.— DETERMINATION  OF  ALBUMEN. 

App\k\tus  and  Reagents.— Test-tubes  and  rack,  Buiisen  burner,  Alter 
paper,  funnel,  pipettes,  concentrated  nitric  acid,  acetic  acid. 

A. — Heller's  Ring  Test. 

1.  Filter  the  urine  if  turbid. 

2.  With  a  pipette  place  2  c.c.  of  nitric  acid  in  a  test- 
tube,  taking  care  not  to  allow  the  acid  to  touch  the 
sides  of  the  tube. 

3.  With  a  fresh  pipette  take  up  2  c.c.  of  the  urine,  and 
placing  the  end  of  the  pipette  close  to  the  surface  of 
the  acid  in  the  test-tube,  allow  the  urine  to  flow 
gently  upon  the  acid,  so  that  the  two  liquids  do  not 
mix. 

4.  Stand  the  tube  in  the  rack,  and  examine  against  a 
dark  backgi-ound. 

5.  If  albumen  is  present,  a  sharply-defined  white  ring 
will  be  seen  at  the  junction  of  the  liquids. 

Note. — If  only  a  trace  of  alhimnm  is  present,  the  lohite  ring 
will  not  appear  at  once,  and  the  tube  must  be  alloioed  to 
stand  aside  for  5  to  10  mins.,  not  longer. 

Sources  of  error. — («)  From  presence  of  resinotcs 
acid,  e.g.,  after  ingestion  of  co^xtiba ;  (b)  Urea  nitrate, 
only  tvith  C07icentrated  urine  and  after  standing  aside 
some  time ;  (c)  Ui-ic  acid,  only  with  concentrated 
urine :  the  rhig  is  somewhat  above  the  junction  of  the 
two  liquids. 

B. — ^Heat  and  Acetic  Acid. 

1.  Filter  the  urine  if  turbid. 

2.  Take  a  test-tube  two-thirds  full  of  the  urine. 

3.  Boil  the  upper  one-third  of  the  liqviid. 

4.  Add  2  01'  3  drops  of  acetic  acid. 
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5.  If  a  precipitate  is  present  after  adding  the  acid,  the 
urine  in  all  probability  contains  albumen. 

iq-QTE  —In  urines  which  contain  only  a  trace  of  albumen, 
ahmys  examine  the  %i.ffer  layer  of  the  liquid  %n  the  test- 
tube  against  a  dark  background  in  a  good  light. 


31.— ESTIMATION  OF  ALBUMEN. 

APPARATUS  AND  REAGENTS.— Esbach's  albuminometer,  picric  acid  solu- 
tion ^'i^  one  dozen  test-tubes^,  concentrated  nitric  acid,  two 
graduated  burettes,  pipette. 

A. — Esbach's  Method. 

1.  Fill  the  albuminometer  up  to  the  mark  U  on  the 
tube. 

2.  Add  the  test  solution  to  mark  R. 

3.  Insert  the  stopper,  and  geiithj  invert  the  tube  several 
times. 

4.  Stand  aside  for  24  hours  in  an  upright  position,  and 
then  read  oft"  the  amount  of  precipitate  formed,  from 
the  graduated  scale  on  the  sides  of  the  tube.  This 
is  so  graduated  as  to  express  approximately  the 
number  of  gi^ammes  of  albumen  per  litre  of  urine. 

Note  —T/ie  urine  should  be  fresh,  acid,  and  of  a  lo7o  specific 
gravity,  and,  to  obtain  the  latter,  tlie  urim  may  be  diluted 
loith  loater  if  necessary. 

If  more  than  four  grammes  of  albumen  per  litre  are 
present,  the  jy^-ocess  should  be  repeated  with  diluted  urine. 

If  the  urine  is  diluted,  the  residt  must,  of  course,  be 
corrected  by  multiplying  this  remit  by  the  number  ex- 
jyressing  the  p-oportionate  degree  of  dilution. 
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B.— Roberts'  Method* 

1.  Filter  the  urine  if  tui'bid. 

2.  Fill  a  gi-aduated  burette  with  urine,  and  another  with 
water. 

3.  Prepare  a  series  of  test-tubes  containing  diluted  urine, 
as  follows : — 


No. 
1. 

1  par 

t  urine  to 

9 

parts  water 

= 

1 

in  10 

Per  cent. 

0-033 

2. 

i> 

ji 

19 

)) 

>) 

= 

1 

„  20 

0-067 

3. 

)) 

)i 

29 

7? 

5J 

= 

1 

„  30 

= 

0-100 

4. 

)) 

)j 

49 

>> 

)> 

1 

„  50 

0-167 

5. 

>) 

)) 

79 

!! 

)) 

1 

„  80 

0-267 

6. 

)? 

)) 

99 

n 

)) 

1 

„  100 

0-333 

7. 

)j 

)» 

149 

)I 

>) 

1 

„  150 

0-500 

8. 

11 

)) 

199 

t) 

)I 

1 

„  200 

0-667 

9. 

>) 

299 

?) 

)I 

1 

„  300 

1-000 

10. 

i> 

399 

1 J 

)) 

1 

„  400 

1-333 

11. 

)j 

499 

J' 

)) 

1 

„  500 

1-666 

4.  With  a  pipette  place  2  c.c.  of  concentrated  nitric  acid 
into  another  series  of  eleven  test-tubes. 

5.  With  a  fresh  pipette  take  up  2  c.c.  of  the  urine 
diluted  1  in  500,  and  allow  it  to  flow  gently  upon 
the  sui'face  of  the  niti-ic  acid  in  one  of  the  tubes  in 
the  second  series.    (30,  A.) 

6.  Repeat  this  with  each  specimen  of  diluted  urine  in 
succession  (from  the  lowest  upwards)  till  a  white  ring 
appears  at  the  junction  of  the  two  fluids. 

*  The  percentages  in  above  table  arc  taken  frorii  Tappeiner's  Clinical 
Dififinoffts,  trans,  by  K.  .T.  McWoonoy. 
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7.  The  test-tube  of  diluted  urine  which  gives  a  white 
ring  after  an  interval  of  bettoeen  2  and  3  minutes  is 
the  one  from  which  the  percentage  must  be  read  by 
means  of  the  above  table. 

Note. — The  above  test  depends  upon  the  fact  that  in  urine 
xvhich  contains  1  part  albumen  in  30,000  the  appearance 
of  the  ivhite  ring  is  delayed  about  3  minutes  after  contact 
tuith  the  nitric  acid. 


32.— DETERMINATION  OF  SUGAR. 

Appaeatus  and  Reagents.— Test-tubes  and  rack,  Bunsen  burner, 
water-bath,  Fehling's  test  solutions  A  and  B  (xxi.),  phenylhydrazin 
hydi'ochlorate,  sodium  acetate. 

A. — Fehling's  Test. 

1.  Into  a  test-tube  pour  equal  volumes,  about  2  c.c.  of 
each,  of  Fehling's  reagent,  A  and  B. 

2.  In  a  second  tube  take  5  c.c.  of  lu-ine. 

3.  Boil  both  these  tubes  over  a  flame  togetfier,  and  when 
boiling  remove  both  from  the  flame,  and  allow  them 
to  cool  for  20  seconds. 

4.  Pour  the  heated  urine  into  the  test-tube  containing 
Fehling's  solution,  and  stand  aside  without  shaking 
the  tube. 

5.  If  sugar  is  present,  a  yellowish-gi'een  sediment  will 
appear.  If  more  than  1%  of  sugar  is  present,  a  pre- 
cipitate will  fall  within  5  to  6  minutes. 

Note. — If  this  test  is  carefully  performed^  0"25%  of  sugar 
can  be  demonstrated. 
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B. — Phenylhydrazin  Test. 

1.  Pour  3  c.c.  of  urine  into  a  test-tube,  and  add  as  much 
of  the  phenylhydrazin  hydrochlorate  as  can  be  placed 
on  a  shilling,  and  as  much  sodium  acetate  as  can  be 
placed  on  a  florin. 

2.  Boil  for  one  hour  in  a  water  bath. 

3.  Stand  aside  till  cold,  and  then  examine  sediment  under 
a  microscope. 

4.  If  sugar  is  present,  delicate  needle-like  crystals  having 
a  radiating  arrangement  and  of  yellow  colour  will  be 
seen. 


33.— ESTIMATION  OF  SUGAR. 

A. — Fermentation  Test. 

Apparatus  and  Reagents.— Special  flask,  urinometer,  thermometer, 
yeast,  filter  paper. 

1.  Wash  1  gramme  of  yeast. 

2.  Pour  150  c.c.  of  urine  into  the  glass  cylinder. 

3.  Note  accurately  the  specific  gi-avity  and  temperature 
of  the  urine. 

4.  Cork  the  cylinder  tightly  so  that  no  air  can  escape, 
and  adjust  the  bent  glass  tubing  so  that  the  end 
inside  the  cylinder  is  above  the  upper  surface  of  the 
urine. 

5.  Pour  into  the  opening  at  the  top  of  the  glass  tubing 
some  mercury  so  as  to  fill  the  two  limbs  to  the  upper 
elbow. 

6.  Stand  apparatus  aside  in  a  warm  place  24  to  48  hours. 

7.  Note  the  amount  of  COg  given  ofi'  during  the  process 
of  fermentation,  and  take  again  accurately  the  specific 
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gi-avity  of  the  urine,  at  the  same  temperatwe  as  the 
first  observation. 

8.  Each  degi'ee  of  specific  gravity  lost  represents  one 
grain  of  sugar  per  fluid  ounce. 

B. — Titration  with  Feeling's  Solution. 

Apparatus  and  Reagents.— Graduated  burette  and  stand,  porcelain 
capsule,  sand-bath  and  tripod,  Bunsen  burner,  tile,  filter  paper 
and  funnel,  small  beaker,  measure,  test-tube,  Fehling's  solutions 
A  and  B  (xxi.). 

1.  Measure  carefully  5  c.c.  each  of  Fehling's  solutions 
A  and  B ;  mix  in  a  test-tube. 

2.  Take  5  c.c.  of  the  urine,  and  add  20  c.c.  of  water, 
mixing  thoroughlj-. 

3.  Pour  some  of  the  diluted  mine  into  a  bm-ette,  and 
note  carefully  the  reading  of  the  scale. 

4.  Place  the  10  c.c.  of  Fehling's  solution  in  a  porcelain 
capsule  on  a  sand-bath,  and  bring  the  solution  to 
boiling  point  over  a  flame. 

5.  Remove  the  flame,  and  allow  the  dilute  urine  to  rim 
slowly  into  the  heated  solution,  stii-ring  with  a  glass 
rod. 

6.  Cease  adding  the  urine  the  moment  the  blue  colour 
disappears  from  the  solution,  and  again  bring  it  to 
boiling  point. 

7.  This  must  be  I'epeated  till  the  blue  colour  no  longer 
returns  on  boiling. 

8.  Filter  a  little  of  the  heated  solution  through  a  moist 
filter  paper  ;  if  the  filtrate  shows  a  blue  colom^  it  must 
be  retui'ned  to  the  poi-celain  capsule,  and  after  the 
addition  of  a  little  moi-e  urine  be  again  brought  to 
boiling  point,  and  again  filtered.  This  must  he  re- 
peated till  ihs  filtrqte  is  colourless. 
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9.  When  this  occurs,  acidulate  the  filtrate  with  acetic 
acid,  and  add  a  drop  of  potassium  ferrocyanide ;  a 
brown  coloration  indicates  that  some  of  the  copper 
is  still  unreduced,  and  another  drop  of  the  urine 
must  be  added  to  the  heated  solution.  The  most 
.difficult  part  of  the  whole  process  is  to  determine 
the  exact  moment  when  all  the  copper  is  reduced, 
so  as  not  to  add  any  of  the  dilute  urine  after  this  point. 

10.  To  calculate  the  amount  of  sugar  present  in  the 
sample  of  urine  used,  proceed  as  follows  :  Read  from 
the  scale  on  the  burette  the  amount  of  diluted  urine 
used,  and  divide  this  by  5  to  give  the  amount  of 
undiluted  urine  vised  in  the  experiment. 

10  c.c.  of  the  Fehling's  solution  prepared  according 
to  the  formulfe  given  is  completely  reduced  by 
0"05  gramme  of  sugar,  and  this  is  therefoi'e  the 
quantity  contained  in  the  amount  of  urine  used. 

From  these  data  it  is  easy  to  calculate  the  quantity 
of  sugar  in  gi'ammes  per  litre,  or  in  grains  per  fluid 
ounce  (15'5  grains  =  1  gramme). 


34.— THE  ESTIMATION  OF  URIC  ACID  (HOPKINS' 
METHOD). 

Apparatus  and  Reagents.— Beakers,  filter  and  funnel,  glass  i-od  and 
burette,  solid  ammonium  chloride,  ammonium  hydrate,  strong 
hydrochloric  acid,  sodium  carbonate,  twentieth  normal  permanga- 
nate solution,  strong  sulphuric  acid. 

1.  To  100  C.C.  of  urine  add  25  grammes  of  solid  am- 
monium chloride. 

2.  Dissolve,  and  add  sufficient  ammonium  hydrate  to 
render  the  mixture  alkaline. 

3.  Stir  thoroughly  till  precipitate  tends  to  settle,  then 
stand  iLside  till  supernatant  liquid  is  nearly  clear. 
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4.  Filter  through  a  small  filter  paper,  and  wash  with 
saturated  solution  of  ammonium  chloride ;  two  wash- 
ings are  sufiicient. 

5.  Wash  precipitate  of  ammonium  urate  off  the  filter 
into  a  small  beaker  with  a  jet  of  hot  distilled  water. 

6.  Add  4  or  5  drops  of  strong  hydrochloric  acid,  and 
heat  till  the  liquid  just  boils. 

7.  Allow  to  stand  over-night. 

8.  Filter  olf  the  crystals  of  uric  acid  through  a  small 
filter  paper,  and  measure  the  amount  of  mother  liquor 
which  comes  through. 

9.  Now  wash  the  crystals  with  cold  distilled  water ;  the 
greater  part  may  he  left  in  the  beaJcer,  and  ivashed  hy 
decantation. 

10.  Finally  wash  such  crystals  as  are  on  the  filter  back 
into  the  beaker,  add  a  small  quantity  of  sodium 
carbonate,  and  heat  till  all  the  uric  acid  is  dissolved. 

11.  Make  the  solution  up  to  100  c.c,  and  cool  ufeder  tap. 

12.  Fill  a  bm-ette  with  twentieth  -  normal  -  permanganate 
solution. 

13.  Add  to  the  cooled  sokition  of  uric  acid  20  c.c.  of 
strong  sulphuric  acid,  and  immediately  titrate  with 
the  pei'manganate  solution. 

14.  The  end  point  is  given  by  the  first  appearance  of  a 
momentary  but  difixise  flush  of  colour  throughout  the 
liquid. 

15.  Each  1  c.c.  of  permanganate  solution  used  is  equal  to 
0-00375  gi-amme  of  uric  acid.  To  the  tigm-es  so 
obtained  add  1  milli.gi-amme  for  each  15  c.c.  of  the 
mother  liquor  from  which  the  uric  acid  wa^  obtained 
(see  8  above). 
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35.  — ESTIMATION  OF  UREA  (GERRAD'S  UREOMETER). 

Apparatus  and  Reagents.— Gerrad's  ureoraeter,  hypobromitc  solu- 
tion (xxxii.). 

1.  Measure  25  c.c.  of  the  hypobromite  solution  into  the 
flask. 

2.  Measiu-e  5  c.c.  of  the  mine  into  the  small  glass  tube, 
and  place  it  into  the  flask,  being  careful  not  to  spill 
any  of  the  urine  into  the  hypobromite  solution. 

3.  Fix  the  stopper  tightly  in  the  flask. 

4.  Open  the  clip  of  the  graduated  cylinder ;  pour  water 
into  the  reservoir,  and  raise  it  until  the  water  inside 
the  cylinder  is  exactly  at  zero  and  on  same  level  as  that 
in  reservoir ;  then  close  clip. 

5.  Slowly  tilt  the  flask,  and  allow  the  mnne  and  hypo- 
bromite solution  to  mix  thoroughly. 

6.  Stand  aside  for  10  minutes  to  allow  the  mixture  to  cool. 

7.  Lower  the  reservoir  till  the  water  in  cylinder  and 
reservoir  is  at  the  same  level. 

8.  Read  the  scale  at  the  water  level ;  the  scale  will  give 
the  percentage  of  urea  present  in  the  specimen  of  urine. 

9.  To  obtain  the  number  of  grains  per  ounce,  jnultiply 
the  number  on  the  scale  by  4"375. 

Note. — It  is  better  to  use  sealed  tubes  containinr/  bromine,  and 
to  jilace  25  c.c.  of  soda  solution,  ivith  one  of  these  in  the 
flash.  The  bromine  tubes  ruill  readily  brealc  if  dropped 
to  the  bottom  of  the  flaslc. 

36.  — EXAMINATION  OF  URINE  FOR  BLOOD. 

Apparatus  and  Reagents.— Ozonic  ether,  tincture  of  guaiacum,  test- 
tube.  30  o/o  acetic  acid,  solution  of  sodium -tungstate  (xlvii.),  solution 
of  ammonia. 

A. — Colour. 

Note  colour  of  urine  :  varies  from  red  to  black  ;  may  be 
opaque  or  clear. 
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B. — Microscope. 
Centrifugalise,  and  examine  sediment  for  red  blood  cor- 
puscles, leucocytes,  casts,  bilharzia.    (41 .) 

C. — GuAiAcuM  Test. 

1.  Take  1  c.c.  each  of  tincture  of  guaiacum  and  ozonic 
ether  in  a  test-tube,  and  mix. 

2.  Add  an  equal  volume  of  the  lu-ine,  holding  the  test- 
tube  in  a  slanting  position,  so  that  the  emulsion  of 
guaiacum  and  ether  rises  to  the  top. 

3.  At  the  junction  of  the  two  liquids  a  blue  ring  wiU  be 
seen  if  blood  is  present  in  any  quantity. 

D. — Sonnenschein's  Test. 

1.  Add  to  the  urine  an  excess  of  30%  acetic  acid,  and  then 
precipitate  with  a  solution  of  sodium  timgstate 
(or  precipitate  the  m-ine  with  a  solution  consisting 
of  sodium  tungstate,  30  parts;  30%  acetic  acid, 
75  parts;  water,  120  parts). 

2.  Filter,  and  dissolve  the  dirty  rose-col oui'ed  residue  in 
moderately  dilute  ammonia. 

3.  Spectroscope  the  solution :  it  gives  the  spectrum  of 
alkaline  methsemoglobin  (three  bands  between  0  and  E, 
yellow  and  green). 

This  test  is  very  sensitive  and  easy^  and  reacts  loith  mere  - 
traces  of  blood. 


37.— TEST  FOR  BILE. 

Apparatus  and  Reagents.  —  Beaker,  flat  dish,  pipette,  chloroform, 
10°/o  barium  chloride  solution,  yellow  nitric  acid,  tmcture  or  lodmo. 

1.  To  50  C.C.  of  urine  add  5  C.c.  of  10%  sohition  of 
barium  chloride  and  5  c.c.  of  chloroform. 


65 


2.  Stand  aside  foi-  15  minutes.  A  precipitate  of  phos- 
phates and  the  chloroform  will  fall,  carrying  down 
the  bile  also  if  present. 

3.  Remove  the  cliloroform  and  precipitate  with  a  pipette. 

4.  Place  in  a  flat  porcelain  dish,  and  allow  the  chloro- 
form to  evaporate. 

5.  A  precipitate  will  remain. 

6.  Place  a  drop  of  yellow  nitric  acid  on  one  portion  of 
this  precipitate,  and  a  play  of  coloiu-s  will  appear 
around  the  drop  if  bile  is  present. 

7.  Upon  another  part  of  the  precipitate  place  a  drop 
of  tincture  of  iodine  ;  a  gi^een  colovir  shows  the 
presence  of  bile. 


38.— EXAMINATION  OF  URINE  FOR  PUS. 

Apparatus.— Test-tube,  Uquor  potasses,  tincture  of  guaiacum. 

A. — Liquor  Potass^  Test. 
1.  Take  some  of  the  deposit  in  a  test-tube,  and  add  liquor 
potassEe  ;  a  ropy  gelatinous  mass  will  form,  to  see  which, 
pour  from  one  test-tube  into  another. 

B.  — Tincture  of  Guaiacum  Test. 

1.  Acidulate  the  urine  with  acetic  acid,  and  pass  through 
a  thick  filter. 

2.  Treat  the  deposit  on  the  filter  with  a  little  tincture  of 
guaiacum  ;  if  pus  is  present,  a  deep  blue  tint  appears. 

C.  — Microscopic  Examination. 
See  (1 7,  C)  and  (23). 

E 
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39.— CERTAIN  DRUG  REACTIONS  IN  URINE. 

Apparatus  and  Reagents.  —  Test-tubes,  spectroscope,  chlorine  water, 
chloroform,  perchloride  of  iron,  sodium  hydrate,  ammonium  oxalate, 
magnesium  wire,  iodine,  nitric  acid,  hydrochloric  acid. 

1.  Iodides  in  Urine. 

Take  a  specimen  of  the  urine  in  a  test-tube,  add  a 
few  drops  of  clJorine  water,  which  sets  free  the  iodine. 

On  shaking  with  a  little  chloroform,  the  iodine  is 
extracted  by  the  chloroform,  to  which  it  imparts  a 
violet  colour. 

(The  Guaiacum  Test  often  gives  a  blue  or  green  colour.) 

2.  Salicylic  Acid. 

Add  about  1  c.c.  of  the  urine  to  100  c.c.  of  water  in 
a  flask,  allow  a  few  drops  of  a  solution  of  perchloride 
of  iron  to  fall  into  the  liquid. 

If  salicylic  acid  be  present,  the  path  of  the  drops 
win  be  marked  by  a  rich  purple  colour. 

If  undiluted  urine  is  used,  the  reaction  is  apt  to  be 
masked  by  the  colourless  phosphate  precipitate  which 
forms. 

3.  Santonin. 

Notice  the  rich  yellow  colour  of  the  urine. 

Place  some  in  a  test-tube,  and  add  sodium  or  potas- 
sium hydrate,  when  the  liquid  wiU  assume  a  brilliant 
pink  colour,  showing  the  presence  of  santonin. 

4.  Rhuharh  and  Senna. 

The  urine  when  similai-ly  treated  becomes  much 
darker,  and  if  the  phosphate  precipitate  be  filtered 
off,  it  will  be  found  to  have  a  purple  colour. 

Acids  change  this  purple  to  yellow. 

5.  Lead. 

Add  1  grm.  of  ammonium  oxalate  to  150  c.c.  of  the 
urine. 
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Then  place  a  clean  and  bright  strip  of  pure  mag- 
nesium in  the  urine. 

After  24  hours  examine  the  magnesium,  wash  it  in 
distilled  water,  and  dry  it. 

Then  (a)  warm  the  strip  with  a  small  crystal  of 
iodine  :  this  produces  iodide  of  lead  ; 

{b)  or  dissolve  in  HNO3,  and  apply  ordinary  test 
for  lead. 

This  test  is  very  delicate. 
6.  Copaiba. 

Add  to  the  urine  a  little  hydrochloric  acid :  it  txirns 
pink  or  red  (if  turbid  add  alcohol). 

Now  examine  it  spectroscopically :  it  shows  three 
bands  (one  in  the  orange,  one  between  D  and  E,  and 
one  between  P  and  G). 


40.— EXAMINATION  OF  URINE  FOR  TUBERCLE  BACILLI. 

Apparatus.  —  Centrifugalising  machine,  egg  albumen,  and  apparatus 
as  in  (17). 

1.  Centrifugalise  the  urine  thoroughly. 

2.  Take  clean  cover  slips,  and  smear  on  one  side  of  each  a 
little  egg  albumen. 

3.  "With  a  pipette  remove  a  little  of  the  sediment  from 
the  centrifugalised  urine,  and  place  a  drop  on  the 
prepared  surface  of  each  cover  slip. 

4.  Make  films.  (17.) 

5.  Dry  in  the  air,  and  stain  as  usual.     (1 7.) 
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41.— EXAMINATION  OF  URINARY  SEDIMENTS. 

Centrifugalise  the  iirine,  and  examine  the  sediment  micro- 
scopically, using  a  narrow  diapliragm,  concave  mirror,  and 
no  condenser. 

A. — Organized  Sediment. 

1.  Epithelium.    (PI.  IV.,  A.) 

2.  Leucocytes  (pus  corpuscles).    (PI.  IV.,  B.) 

3.  Red  blood  corpuscles.    (PI.  IV.,  B.) 

4.  Casts.    (PI.  III.) 

5.  New  growths  :  carcinoma,  kc. 

6.  Spermatozoa. 

7.  Bacteria. 

8.  Infusoria,  etc. 

A  little  iodine  solution  run  under  the  cover  glass  wiU  aid 
the  observer  in  differentiating  the  various  structures. 

B. — Casts. 
{a)  Microscopic  Examination. 

1.  Centrifugalise  the  urine  thoroughly. 

2.  With  a  pipette  place  a  little  of  sediment  upon  a  glass 
slide  under  a  covei'  slip. 

3.  Examine  the  specimen  microscopically  : 

{a)  Cellular  casts  :  (i.)  renal  epithelium.   (PI.  III.,  A.) 

(ii.)  red  corpuscles.    (PI.  III.,  C.) 
(iii.)  shadows  of  red  corpuscles, 
(iv.)  leucocytes.    (PI.  III.,  B.) 

(6)  Granular  casts:  (i.)  finely  granular.    (PI.  HI.,  F.) 

(ii.)  coarsely  granular.   PI.  HI.,  F.) 

(iii.)  with  adlierent  epithelial  cells. 

(iv.)  with  adherent  leucocytes. 
(PI.  III.,  B.) 

(v.)  with  fat  globules.   (PI.  HI.,  E.) 
(c)  Blood  casts  :  granular  and  reddish  brown. 


(d)  Colloid  casts  :  (i.)  homogeneous.    (PI.  III.,  D.) 

(ii.)  adherent  cells,  crystals,  bacteria. 
(PL  III.,  D.) 

(e)  Hyaline  casts  :  very  delicate  and  transparent; 

(PI.  III.,  D.) 
adherent  cells,  &c.    (PI.  III.,  D.) 

(b)  Chemical  Reactions. 

1 .  Allow  some  of  the  sediment  to  stand  with  Gram's  iodine 
solution. 

2.  Allow  another  portion  to  stand  with  weak  gentian 
violet. 

3.  Allow  a  third  portion  to  stand  with  Marchi's  fluid. 

4.  Next  morning  centrifugalise  each,  and  wash  sediment 
with  water. 

5.  Then  examine  microscopically  as  above. 

Note. — The  hyaline  casts  are  stained  by  iodine  or  gentian 
violet ;  fat  globules  are  stained  black  by  Marchi  's  fluid. 

As  in  the  previous  case  (41 ,  A),  a  little  iodine  solu- 
tion run  under  the  cover  glass  is  a  very  great  assistance. 

0. — Non-organized  Sediment. 

I.  Urine  Acid. 
{a)  Amorphous  Sediment. 

1 .  Granular :  Urates  (often  together  with  crystals  of  uric 
acid  or  oxalate  of  lime).    (Plate  IV.,  C.) 

Te.st :  Heat  =  sediment  clears  up. 

2.  Dumb-bells  :  (a)  Calcium  oxalate.    (PI.  V.,  A.) 

Tests  :  insoluble  in  strong  acetic  acid ;  soluble  in 
strong  hydrochloric  acid. 

(b)  Calcium  sulphate  (rare).    (PI.  V.,  F.) 

Test :  insoluble  in  strong  hydi'ochloric  acid. 

3.  Highly  refractive  droplets  :  Fat.    (PL  III.,  E.) 

Test :  soluble  in  ether. 

Note. — Granular  urates  somewhat  resemble  leucocytes,  but 
with  ca/re  this  mistake  should  not  be  made. 
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4.  Yellow  granules  :  Bilirubin  (rare). 
Test  for  bile  pigments. 

(b)  Cy'ystalline  Sediments. 

1.  Yellow  large  crystals  of  characteristic  shape  :  Uric  acid. 
(PI.  v.,  B.) 

Test :  soluble  in  NaOH,  reprecipitated  by  HOI. 

2.  Yellow  small  rhomboidal  platelets:   Bilirubin  (often 
associated  with  yellow  amorphous  granules)  (rare). 

Test  for  bile  pigments. 

3.  Higlily  refractive  octahedra :  Calcium  oxalate  (envelope 
shaped).    (PI.  Y.,  A.) 

Tests :  insoluble  in  strong  acetic  acid,  soluble  in 
strong  HCl. 

4.  Crystals  similar  to  (3) :  Triple  phosphate.   (PI.  I Y.,  E.) 

Test :  soluble  in  acetic  acid. 

5.  CoflEin-lid  crystals :  Triple  phosphate  (if  urine  is  very 
slightly  acid  only). 

6.  Hexagonal  plates :  Cystin  (rare).    (PI.  Y.,  E.) 

7.  Large,  flat,  refractive,  long,  rhomboidal  plates :  Normal 
phosphate  magnesium  (rare). 

Test :  soluble  in  acetic  acid. 

8.  Bundles  of  delicate  needles :  Tp-osin  (rare).  (PI.  Y.,  C.) 

Tests  :  insoluble  in  acetic  acid  ;  soluble  in  NH^OH 
and  HCl. 

9.  Wedge-shaped  prisms,  often  in  clusters :  Neutral  cal- 
cium phosphate  (stellar  phosphates).    (PI.  lY.,  F.) 

Test :  soluble  in  acetic  acid. 

II.  Urine  Alkaline. 
(a)  Amorphous  Sediment. 
1.  Small  granules  (together  with  triple  phosphate) : 

(a)  Earthy  phosphates. 

Test :  soluble  in  acetic  acid  without  gas  formation. 

(b)  Calcium  carbonate  (rare). 

Test :  soluble  in  acetic  acid  with  gas  formation. 
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2.  Dumb-bells  or  spherical :  Calcium  carbonate  (rare). 

3.  Large  spiky  spheres  :  Urate  of  ammonium.    (PI.  Y.,  D.) 

Test :  soluble  in  acetic  acid  with  formation  of  uric  acid. 

(6)  Crystalline  Sediment. 

1 .  Ooffin-lids  :  Triple  phosphate. 

2.  Blue  needles  or  tablets  :  Indigo  (rare)., 


POST-MORTEM  ROOM  METHODS. 


42.— BACTERIOLOGICAL  EXAMINATION   OF  TISSUES 
•IN  THE  POST-MORTEM  ROOM. 

Apparatus. -Bunsen  burner,  stout  glass  rod,  thick  platinum  needle 
forceps,  scissors,  capillary  pipettes,  agar-agar  tubes. 

A. — Examination  of  the  Blood. 

1.  Open  the  thorax  in  the  usiial  way. 

2.  With  a  pair  of  sterilised  scissors  lay  open  the  pericardial 
sac. 

3.  Take  a  sealed  capillary  pipette,  pass  it  through  the 
flame,  and  with  sterilised  forceps  break  off  the  ends. 

4.  Hold  the  wall  of  the  right  auricle  with  a  pair  of 
sterilised  forceps,  and  plunge  one  end  of  the  pipette 
into  the  auricular  cavity. 

5.  The  blood  will  flow  readily  into  the  pipette  as  soon  as 
the  end  enters  the  cavity  of  the  auricle;  obtain  as 
mvich  as  is  I'equired,  and  withdraw  the  pipette. 

6.  Take  3  slanted  agar-agar  tvibes,  and  holding  them 
between  the  thumb  and  index  finger,  remove  the 
cotton-wool  plugs. 
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7.  Allow  a  little  blood  to  flow  from  the  pipette  on  to 
the  surface  of  the  medium  in  each  tube,  I'eplace  the 
cotton-wool  plugs,  and  seal  the  end  of  the  capillary 
pipette  to  preserve  the  i-emaining  blood  for  future 
examination  if  necessary. 

8.  Incubate  the  agar-agar  tubes  for  24  hotu-s,  and  then 
examine  any  colonies  that  may  be  present.  (25.) 

Note. — Any  cavity  containing  liquid  may  be  exa/mined  for 
micro-o^'ganisms  by  the  above  methods;  but  if  many 
organisms  are  po'esent,  it  is  better  to  obtain  a  little 
of  the  liquid  in  a  ;inpette  as  in  A,  and  to  place  one 
drop  in  a  broth-tube,  then,  after  shaking,  to  inoculate 
three  agar-agar  tubes  loith  one  loop  of  this  suspension. 

B. — Examination  of  the  Solid  Tissues. 

1.  Expose  the  tissue  to  be  examined,  taking  care  to 
handle  it  as  little  as  possible. 

2.  Take  the  stout  glass  rod,  and  heat  it  to  a  dull  red  heat 
in  a  Bunsen  flame. 

3.  Cauterise  carefully  an  area  of  about  1  in.  sqviare  on  the 
surface  of  the  tissues  to  be  examined. 

4.  Sterilise  a  stout  platinum  needle  in  the  flame,  and, 
when  it  is  cool,  thrust  it  into  the  tissue  near  the  centre 
of  the  cauterised  area. 

5.  Rotate  the  needle  so  that  the  end  comes  well  into 
contact  with  the  tissue  under  examination. 

6.  Withdi'aw  the  needle,  and  streak  three  agar-agar  tubes 
in  succession  with  the  same  needle,  and  without  re- 
charging it. 

7.  In  the  same  way  inoculate  broth  and  gelatine  tubes. 

8.  Incubate  for  24  hours,  and  then  examine  any  colonies 
that  may  have  grown.  (25.) 
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Another  method  tvhich  gives  good  results  is  to  carefidly 
cauterise  the  surface  of  the  tissue,  and  then ^  with 
sterilised  scissors  and  forceps  cibt  away  a  small  piece  of 
tissue  helow  the  cauterised  surface,  and  place  it  in  the 
medium. 

Note. — The  tubes  shoidd  be  kept  for  some  days,  and  examined 
daily,  as  a  groioth  often  appears  several  days  after 
inoculation. 

43.  — EXAMINATION  OF  TISSUES   IN  POST-MORTEM 
ROOM. 

Apparatus.— 2  o/o  solution  of  potassium  ferrocyanide,  1%  solution  of 
hydrochloric  acid. 

A. — For  Free  Iron. 

1.  Make  an  incision  into  the  organ  to  be  examined,  and 
tear  apart  the  two  pieces  thus  divided. 

2.  Pour  on  to  the  torn  surface  a  solution  of  potassium 
ferrocyanide,  and  allow  it  to  remain  5  minutes. 

3.  Pour  on  a  dilute  solution  of  hydrochloric  acid. 

4.  A  blue  tint  is  developed  in  those  parts  of  the  tissue 
which  contain  free  iron. 

Note. — For  microscopic  examination  see  (63). 

B. — For  Amyloid  Degeneration. 

1.  Make  a  section  of  the  tissue  to  be  examined,  and  wash 
away  any  blood  with  a  stream  of  water.  - 

2.  Pour  on  to  cut  siurface  a  solution  of  iodine,  allow  to 
remain  2  or  3  minutes. 

3.  Wash  off  the  iodine  with  a  stream  of  water. 

4.  If  amyloid  degeneration  is  present,  the  diseased  por- 
tions of  the  tissue  will  be  stained  a  deep  mahogany 
brown  colour. 

Note. — For  microscopic  examination  see  (58). 
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44.  —  PRESERVATION  OF  MUSEUM  SPECIMENS  WITH 
FORMALIN. 

1  Take  the  tissue  or  organ  to  be  preserved,  and  place  it 
in  three  times  its  volume  of  the  formalin  solution 
(xxiii.)  for  3  to  10  days,  according  to  its  density. 

2  Remove  the  specimen  to  twice  its  volume  of  strong 
methylated  spirit  for  1  to  8  hours,  till  the  specimen 
regains  its  natural  colour. 

3.  Place  it  in  the  glycerine  solution  (xxviii.)  for  2  weeks, 
then  change  to  fresh  glycerine  solution ;  the  specimen 
is  now  ready  for  mounting,  or  it  may  be  kept  im- 
mounted  in  the  glycerine  solution  for  an  indefinite 
period. 

Note  —(a)  So  far  as  possible,  all  dissection  should  be  carried 
out  before  placing  the  specimen  in  formalin;  but,  tj 
w-eferred,  it  may  be  hardened  for  3  or  4  da^/s  first,  and 
then  the  necessary  dissection  made,  biU  care  must  be 
taken  to  return  the  specimen  to  the  formahn  solution 
for  another  3  or  4  days  before  passing  it  on  through 
spirit  to  glycerine  solution, 
(b)  With  organs  such  as  lung,  kidney,  liver,  spleen,  better 
residts  will  be  obtained  if  these  are  injected  through  a 
large  bloodvessel  with  the  formalin  solution,  a,ndharde,ied 
a  few  days  before  a  section  is  made,  tJiey  should  tlmn  be 
returned:  to  the  formalin  for  3  or  4  dxiys  after  making 
the  section. 

(c\  The  specimens  should  be  carefully  placed  in  the  solutionf 
'  in  silch  a  way  as  to  p-ese9-^e  their  natural  shape  ;  th'^ 
is  best  done  by  supporting  tKem  lightly  vnth  cotto7i-wool. 


PLATE  III. 


E.  Fatty  casts. 


F.  Granular  casts. 


PLATE  IV. 


PLATE  V. 


E.  Cystiiia  Fi  Calcium  siilphate. 
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45.— FIXING  AND  HARDENING  TISSUES. 

Apparatus  &c  -Wide-mouthed  stoppered  bottles,  formol-Miiller  solu- 
tk)"n  (xxi^),  Miiller's  fluid  (xxxix.),  sharp  scalpel,  forceps,  labels. 

1.  Cut  the  tissues  to  be  hardened  into  pieces  about  ^  in. 
cube. 

2.  Place  4  or  5  of  these  pieces  into  a  2  oz.  stoppered 
bottle. 

3.  Fill  up  the  bottle  with  formol-Muller  solution. 

4.  Label  carefully  and  neatly. 

5.  Within  the  next  24  hours  pour  off  the  formol-Muller 
solution,  and  refill  bottle  with  some  of  the  stock 
solution. 

6.  Repeat  this  within  the  next  48  hours. 

7.  At  the  end  of  the  first  week  replace  the  formol-Muller 
solution  with  Miiller's  fluid. 

8.  Most  tissues  will  be  hardened  suflficiently  for  examina- 
tion at  the  end  of  a  fortnight. 

Note. — (a)  The  above  method  for  hardening  is  suitable  for 
routine  wo7-k,  but  for  special  researches  other  methods  will 
be  required. 

(b)  Always  place  the  tissue  in  the  hardening  solution  as 
soon  as  possible,  in  order  that  it  may  be  fresh. 

(c)  The  size  and  sliape  of  the  piece  cut  varies  with  the  tissues 
to  be  examined;  e.g.,  liver,  kidney,  spleen,  should  always 
be  cut  so  as  to  include  a  pm-tion  of  the  capsule.  Intestine, 
skin,  and  mucous  membrane  should  be  stretched  on  a 
piece  of  stout  cardboard  befwe  they  are  hardened. 

(d)  Nervous  tissues  should  be  alloived  to  remain  longer  in 
the  hm-dening  solution  than  other  tissues. 

(e)  Tissues  may  be  hardewA  more  rapidly  by  keeping  them 
in  a  warm,  place  {e.g.,  inciobator)  fo7-  a  few  days,  or  by 
adding  a  little  more  formalin  to  the  hardening  solution. 

(/)  Tlie  label  should  always  give  tJie  date,  patient's  name 
and  age,  reference  number  to  the  Notes  on  the  case,  a 
short  statement  as  to  the  natu/re  of  the  tissue,  and  amy 
other  information  that  may  be  required. 
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46.— FIXING  TISSUES  WITH  BOILING  WATER  (  =  HEAT). 

Appabatus,  &c.— Beaker  of  boiling  water,  Bunsen  burner,  sand-bath 
and  tripod,  sharp  scalpel,  forceps,  solution  of  gum  arabic  (xxx.). 

1 .  Have  ready  a  small  beaker  of  actively  boiling  water. 

2.  Out  a  piece  of  the  tissues  to  be  examined  about  f  in. 
cube. 

3.  Plunge  it  into  tbe  boiling  water  for  3  mins.  to  5  mins., 
keeping  the  water  at  boiling  point  the  whole  time. 

4.  Remove  the  tissue  from  the  beaker  and  allow  it  to 
cool  in  the  air. 

5.  Place  in  a  solution  of  gum  arabic  till  ready  to  cut. 

6.  Cut  sections  on  Williams'  or  other  freezing  microtome. 
(50.) 

7.  Stain  with  alum  carmine.  (53.) 

Note.: — (a)  The  tissue  may  be  embedded  in  paraffin  (48)  or 
celloidin  (49). 

(6)  This  method  is  particularly  well  adapted  for  the  rapid 
examination  of  organs  in  the  post-mortem  room,  a/nd 
also  when  it  is  desired  to  fix  cedematous  tissues. 

(c)  The  sections  may  be  frozen  mid  cut  immediately  after 
boiling. 


47.— DECALCIFICATION  OF  TISSUES. 

Apparatus,  &c.— Foiu'-oz.  large  wide-mouthed  stoppered  bottles,  Von 
Bbner's  HCl  solution  (1.),  strong  knife,  scissors,  small  saw,  labels, 
formol-Miiller  solution  (xxiv.),  Miiller's  fluid  (xxxix.). 

1.  Cut  and  harden  the  tissues  as  usual  for  a  fortnight. 
(45.) 

2.  Wash  well  in  water  for  12  hours. 

3.  Replace  the  tissue  in  the  bottle,  and  fill  up  with  Von 
Ebner's  solution. 
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4.  Change  the  decalcifying  liquid  every  other  day. 

5.  Keep  the  tissue  in  the  fluid  until  it  cuts  readily  with  a 
knife ;  if  the  tissue  is  properly  decalcified,  there  will 
be  no  gritty  sensation  on  section. 

6.  Wlien  decalcification  is  complete,  wash  the  tissue  in 
water  for  24  hoiu-s. 

7.  Transfer  to  Miiller's  fluid  for  one  week. 

8.  The  specimen  is  now  ready  for  examination. 

Note. — Other  re-agents  may  he  used  as  decalcifying  solutions, 
hut  the  ahove  will  serve  for  all  ordiTiary  work. 


48.— EMBEDDING  TISSUES  IN  PARAFFIN. 

Apparatus,  &c.— Nine  2-oz.  wide-mouthed  stoppered  bottles,  four  con- 
taining 257„,  507.,  757„  and  strong  methylated  spirit  respectively  < 
two  filled  with  absolute  alcohol,  labeUed  No.  1  and  No.  2 ;  three 
filled  with  cedar  oil,  and  labeUed  No.  1,  No.  2,  No.  3 ;  hard  paraffin 
of  melting  point  56°  C,  parafiln  bath,  moulds,  sharp  knife,  torceps, 
wooden  cubes  1"  square. 

1.  With  a  sharp  knife  remove  a  piece  of  the  hardened 
tissue  (XLV.),  taking  care  not  to  cut  it  more  than  J  in. 
thick,  and  to  note  carefidly  the  smface  from  which 
the  section  is  to  he  made. 

2.  Wash  the  tissue  in  water  for  12  hours. 

3.  Place  the  tissue  in  25%  spirit  for  12  hours. 


4.  „  „  50% 

5.  ,,  ,,  '^^/o        "  " 

6.  „  „  strong      „  „ 

7.  „  „  abs.  alcohol  (No.  1)  for  12  hours. 

8.  „  „  „       (No.  2)  „ 
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9.  Place  the  tissue  in  cedar  oil  (No.  1)  for  12  hours. 

10.          „           „  „       (No.  2)     „  „ 

11  •          »           „  „  for  24  hours. 

12.  „           „  „       (No.  3)  tm  clear. 

13.  Drain  off  excess  of  oil,  and  put  the  tissue  into  the 
paraffin  bath  for  12  hours. 

14.  Transfer  the  tissue  to  another  bath  of  fresh  paraffin 
and  leave  for  12  hours. 

15.  Place  the  tissue  in  a  third  bath  of  paraffin  for  another 
12  to  24  hours. 

16.  Pour  into  a  mould  some  melted  paraffin  from  the  last 
bath,  and  with  a  pair  of  warm  forceps  place  the  tissue 
{ivith  the  sw'face  to  he  cut  doioniuarcls)  in  the  mould, 
fill  up  the  mould  with  melted  paraffin,  and  set  aside  to 
cool. 

17.  When  the  paraffin  begins  to  solidify,  put  the  mould 
containing  it  into  cold  water  until  the  wax  is  quite 
solid. 

18.  Remove  the  paraffin  from  the  mould,  and  carefully 
trim  away  excess  of  paraffin,  being  careful  to  remember 
which  side  of  the  embedded  tissue  you  wish  to  cut, 
namely,  that  at  the  bottom  of  the  mould. 

19.  Take  one  of  the  small  wooden  cubes,  and  with  warm 
forceps  melt  the  surface  of  the  block  of  paraffin,  and 
press  it  on  to  the  wooden  block  ;  it  should  remain 
firmly  fixed  when  set. 

20.  The  tissue  is  now  ready  to  be  cut.  It  should  be  placed 
in  a  large  pill-box,  to  the  lid  of  which  a  careful  copy 
of  the  label  on  the  bottle  should  be  aifixed. 
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49.— EMBEDDING  TISSUES  IN  CELLOIDIN. 

Apparatus,  &c.— Ten  1-oz.  wide-mouthed  stoppered  bottles,  four  con- 
taining 2o°/o,  oO'/o,  75°/o  of  strong  methylated  spirit  respectively  ; 
three  containing  absolute  alcohol  and  labelled  Nos.  1,  2,  3;  one 
containing  a  mixture  of  absolute  alcohol  and  ether,  equal  parts ; 
one  containing  thin  celloidin  solution  (xiv.),  and  one  containing  a 
thick  solution  of  celloidin  (xiv.)  ;  sharp  scalpel,  forceps,  beaker, 
wooden  cubes. 

1.  Harden  the  tissue  as  usual.  (45.) 

2.  With  a  sharp  knife  cut  off  the  piece  of  tissue  to  be 
examined  :  this  should  be  about  ^  in.  thick. 

3.  Wash  in  water  for  12  hoiu'S. 

4.  Place  in  25%  spirit,  12  hours. 
•5-        „      50%  „ 

6.  „      75%  „ 

7.  „       strong    „  „ 

8.  „      abs.  alcohol  (No.  1),  12  hours. 

9.  „  „        (No.  2),  „ 

10.  „  „        (No.  3),  „ 

11.  ,,      alcohol  and  ether,  6  hours. 

12.  „      thin  solution  of  celloidin,  7  days. 

13.  „      thick       „  „  7  „ 

14.  Place  the  specimen  on  a  wooden  cube,  and  poxu-  round 
it  some  of  the  thick  celloidin. 

15.  Dry  very  slowly  under  a  bell- jar,  watching  the  spe- 
cimen carefully,  and  when  the  celloidin  is  so  firm  that 
the  ball  of  the  finger  will  only  make  a  small  depres- 
sion, place  the  whole  in  a  solution  of  80  %  alcohol 
for  2  days. 

16.  The  .specimen  is  now  ready  for  cutting. 

Note. —  The  above  Himes'  may  he  shortened  in  practice.  The 
exact  time  depends  on  the  size  aiid  Jdnd  of  tissue  to  be 
embedded,  and  experience  alone  can,  teach  this. 

F 
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50.— CUTTING  SECTIONS  ON  A  FREEZING  MICROTOME 
(WILLIAMS'). 

App ABATUS,  &c.-Wimams'  ether  freezing  microtome  (Fig.  4)  mth 
spray,  bellows,  razor  carrier,  sharp  razor,  ether  m  a  small  ootue, 
camel's-hair  brushes,  gum  solution,  forceps,  glass  needle,  two  large 
capsules. 

1.  Place  the  tissue  in  the  gum  solution,  if  possible,  a  few 
hours  before  it  is  to  be  cut. 

2.  Take  a  sharp  razor,  and  fix  it  firmly  and  evenly  in  the 
carrier  (Fig.  4,  b). 


Fig.  4. 

A,  Razor ;  B,  Razor  carrier ;  c.  Metal  disc  ;  D,  Glass  bed-plate ; 
E,  Ether  spray ;  f.  Rubber  beUows ;  G,  Micrometer  screw. 

3.  Place  the  tissue  on  a  little  gum  in  the  centre  of  the 
metal  disc  (Fig.  4,  c). 

4.  Moisten  the  glass  plate  (Fig.  4,  d)  of  the  microtome 
■with  water. 

5.  Work  the  ether  spray  (Fig.  4,  e,  f)  slowly,  and,  as  the 
gum  begins  to  freeze,  paint  a  little  more  gum  around 
the  tissue. 
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6.  Continue  to  spray  until  a  su.fficient  thickness  of  tissue 
has  been  frozen,  e.g.,  about  \  in. 

7.  Adjust  the  edge  of  the  razor  so  that  it  is  on  a  level 
with  the  sm-face  of  the  frozen  gum. 

8.  With  a  sliding  cut  remove  the  upper  portion  of  the 
tissue  {i.e.,  the  portion  not  frozen),  and  replace  it  in 
the  gum  solution. 

9.  Tvu-n  the  micrometer  screw  (Fig.  4,  g)  about  |-  of  a 
circumference,  and,  pressing  the  carrier  firmly  and 
evenly  along  the  bed-plate,  remove  a  thin  section  from 
the  frozen  mass. 

10.  Repeat  this  several  times  until  a  few  sections  have 
been  cut. 

11.  Transfer  the  sections  to  a  large  capsule  of  water. 

12.  Select  the  thinnest  and  most  perfect  of  these,  and  place 
them  in  the  second  capsule  of  water ;  they  are  now 
ready  for  staining. 
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5l._CUTTlNG  SECTIONS  ON  A  CAMBRIDGE  ROCKING 
MICROTOME  (Fig.  5).* 

Apparatus,  &c.  -  Cambridge  roclier,  sliarp  razor,  water  bath  (temp. 
58^C.),  cameVs-hair  bniih,  fine  forceps,  fixative  solution,  blotting- 
paper,  small  cardboard  tray. 


1. 


2. 


Adjust  the  razor  firmly  in  its  place  in  the  microtome 
(Fig.  5,  A). 

Bring  the  arm  of  the  rocker  (Fig.  5,  b)  well  back  :  this 
is  done  by  turning  the  micrometer  screw  (Fig.  5,  c)  to 
the  left. 


Fig.  5. 

A,  Razor  holder;  b,  Arm;  c,  Micrometer  screw;  d,  Clanip  screws ; 
E,  String  holder ;  p,  Regulator ;  G,  Handle  ;  h.  Specimen  holder. 

3.  Fix  the  wooden  block  with  the  tissue  attached  (48) 
firmly  on  to  the  specimen  holder  (Fig.  5,  h). 

4.  Screw  the  carrier  firmly  on  to  the  arm  of  the  micro- 
tome (Fig.  5,  b)  so  that  the  sm^face  of  the  pai-affin  block 
just  misses  the  edge  of  the  razor  when  the  arm  is 
lowered. 

5.  Adjust  the  arm  of  the  microtome  by  lowering  or  raising 

the  string-holder  (Fig.  5,  e)  so  that  the  upper  edge  of 

the  paraffin  block  is  just  below  the  edge  of  the  razor. 

♦  A  new  and  improved  pattern  has  recently  been  designed  by  the 
Cambridge  Scientific  Instrument  Company. 


6.  Adjust  the  regulator  (Fig.  5,  r)  so  that  about  8  notches 
of  the  wheel  are  in  use :  this  is  done  by  bringing  forward 
or  pushing  back  the  regulator. 

7.  Work  the  handle  (Fig.  5,  g)  backwards  and  forwards, 
this  will  carry  the  arm  of  the  microtome  forwards,  and 
thin  sections  will  be  obtained  from  the  paraffin  block. 

8.  When  the  embedded  tissue  is  reached,  it  will  be  found 

that  thin  sections  are  cut  at  each  to-and-fro  movement 
of  the  handle ;  the  thickness  of  these  may  be  varied  by 
moving  the  regulator  so  as  to  take  in  fewer  or  more 
notches ;  the  more  notches  the  wheel  is  carried  round, 
the  greater  the  thickness  of  the  sections. 

9.  Get  ready  the  water  bath  to  required  temperature,  and 
proceed  to  cut  yom-  sections. 

10.  As  each  section  comes  off  the  specimen,  remove  it  care- 
fully with  the  forceps  and  camel's-hair  brush  on  to  the 
surface  of  the  water  in  the  bath  ;  it  will  at  once  spread 
out  as  a  thin  film. 

1 1 .  Take  a  clean  cover-slip,  and  smear  the  smallest  possible 
quantity  of  the  fixative  solution  on  to  the  surface ; 
then  with  the  forceps  pass  it  carefully  under  the 
section,  and  with  the  camel's-hair  brush  manipulate 
the  section  so  that  it  is  taken  from  the  water  on  to 
the  centre  of  the  cover-slip. 

12.  Drain  ofi"  excess  of  water  on  a  piece  of  blotting-paper. 

13.  Place  the  section  in  a  cardboard  tray. 

14.  When  as  many  sections  as  are  required  have  been 
mounted,  place  the  tray  in  a  warm  dry.  place  (e.g., 
incubator)  for  24  hours;  the  sections  are  then  ready 
to  be  stained. 

15.  Replace  the  paraffin  block  in  the  pill-box. 
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52.— CUTTING  SECTIONS  ON  A  SLIDING  MICROTOME. 

(Fig.  6). 

Apparatus,  &c.  — Sliding  microtome  and  sharp  knife,  camel's-hair 
brush,  large  glass  dish,  spirit. 

1.  Trim  the  mass  of  celloidin  on  the  wooden  cube,  so  that 
the  tissue  remains  embedded  in  a  square  mass  of  the 
celloidin,  and  remains  fixed  to  the  wooden  cube. 

2.  Fix  the  wooden  cube  firmly  in  its  clamp  (b),  and  adjust 
the  clamp  to  its  carrier  (a),  place  the  carrier  on  the 
inclined  plane  (c). 


Fig.  6. 

A,  Specimen  carrier ;  b,  Clamp ;  c,  IncUned  plane ;  D,  Knife ; 
B,  Knife  carrier;  f,  Micrometer  screw;  G,  Clamp  of  Micrometer. 


3.  Fix  the  knife  in  its  carrier  (e). 

4.  Arrange  the  knife  and  the  specimen  carrier  (a)  so  that 
when  the  knife  approaches  the  specimen  the  edge  of 
the  razor  shall  be  in  the  same  plane  as  the  upper 
surface  of  the  specimen. 

5.  Adjust  the  knife  obliquely  on  its  carrier  (e)  so  that  a 
great  part  of  the  length  of  the  blade  is  used. 
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6.  Set  the  micrometer  screw  (f)  well  back,  and  clamp  it 
tightly  on  the  inclined  plane  (c),  with  the  end  of  the 
screw  touching  the  specimen  carrier. 

7.  Keep  the  knife  and  specimen  moist  with  spirit  during 
the  whole  process ;  the  celloidin  must  never  be  allowed 
to  dry. 

8.  Bring  the  knife  with  a  steady  pressure,  evenly  and 
firmly,  towards  you,  and  thus  remove  the  upper  por- 
tion of  the  celloidin  block. 

9.  Eemove  this  with  the  camel's-hair  brush,  and  push 
back  the  knife. 

10.  Turn  the  micrometer  screw,  and  then  advance  the 
section  carrier  along  the  inclined  plane,  so  as  to  raise  it 
sufficiently  for  a  thin  section  to  be  taken  off  with  the 
next  movement  of  the  Icnife. 

11.  Again  moisten  the  knife  and  specimen  with  spirit. 

1 2.  Again  bring  the  knife  toward  you,  and  remove  a  section. 

13.  With  the  camel's-hair  pencil  place  this  section  in  a 
large  dish  of  water. 

14.  Kepeat  until  you  have  made  as  many  sections  as  you 
require. 

1-5.  They  are  now  ready  for  staining.  (56.) 

jsfoTE. — The  cut  sections  may  he  ke^tt  in  80%  sfirit  if  not 
required  at  once  for  staining. 

53. —  STAINING   FROZEN  SECTIONS  WITH  ALUM 
CARMINE. 

Apparatus.  &c.— Glass  capsules,  watch-glasses,  needles,  forceps,  blotting- 
paper,  Canada  balsam,  slides,  cover-slips,  alum  carmine  (vi.),  spirit, 
clove  oil. 

1.  Filter  a  little  stain  into  a  watch-glass. 

2.  Place  the  section  in  this  until  stained,  for  10  mins.  to 
1  hour. 
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3.  "Wash  well  in  a  capsule  of  water,  10  mins. 

4.  Wash  again  in  water,  5  mins. 

5.  Place  the  section  in  a  capsule  of  strong  spirit  for 
2  mins. 

6.  Place  the  section  in  fresh  strong  spirit  for  2  mins. 

7.  Remove  the  section  to  a  watch-glass  containing  clove 
oil,  2  mins. 

8.  Place  section  on  a  glass  slide  with  a  section  lifter,  and 
drain  off  the  clove  oil  by  standing  the  slide  on  end  for 
5  mins. 

9.  Remove  with  blotting-paper  any  clove  oil  remaining 
around  section. 

10.  Mount  in  Canada  balsam. 

54._STAINING  FROZEN  SECTIONS  WITH  H/EMATEIN 
AND  COUNTER-STAINING  BY  VAN  GIESON'S 
METHOD. 

Appaeatus  as  in  53,  mth  hEematein  (xxxi.)  and  Van  Gieson's  (xlix.)  stain. 

1.  Filter  a  Httle  hsematein  into  a  watch-glass. 

2.  Place  the  section  in  this  for  2  mins. 

3.  Remove,  and  wash  well  in  water  for  5  mins. 

4.  Wash  again  in  fresh  water  till  quite  blue,  1  to  5  mins. 

5.  Place  the  section  in  a  watch-glass  containing  Van 
Gieson's  stain  for  J  min. 

6.  Wash  the  section  in  water  till  the  fibrous  tissue  shows 
a  bright  pink  colour. 

7.  Pi'oceed  as  in  5  to  10  above. 
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55.-STAINING  AND  MOUNTING  PARAFFIN  SECTIONS. 

Appaeatus,  &c.-Covercd  capsules,  one  drop-bottle  of  absolute  alcohol, 
one  drop  bottle  of  xylol,  Canada  balsam,  spirit  cleaimg  fluid 
hreniatein  Van  Gieson's  stain  (xUx.)  fine  forceps,  mounted 

needles,  Alter  paper,  blotting-paper,  slides,  labels. 

1.  Place  the  cover-glass,  with  section  affixed,  in  xylol 
1  min.,  to  dissolve  out  the  2Mraffin. 

2.  Wash  in  fresh  xylol  for  1  min.,  to  remove  the  last 
trace  of  paraffin. 

3.  Wash  in  spirit  2  mins.,  to  remove  excess  of  xylol. 

4.  Wash  in  fresh  spirit  1  min.,  to  remove  the  last  trace  of 
xylol. 

5.  Wash  in  water  for  5  mins.,  to  remove  the  spirit. 

6.  Filter  a  little  hsematein  into  a  watch-glass,  and  place 
the  section  in  this  for  about  10  mins. 

7.  Drain  off  excess  of  stain,  and  wash  well  in  water  for 

1  min. 

8.  Place  the  section  in  fresh  water  5  mins.,  till  blue. 

If  the  section  is  to  be  counter-stained,  place  it  into 
Van  Gieson's  stain  for  |  min. ;  wash  quicldy  in  water 
till  fibrous  tissue  shows  a  bright  pinlc  colou^r. 

9.  Place  the  section  into  a  capsule  containing  spirit  for 

2  mins.,  to  remove  the  water. 

10.  Remove  to  fresh  spirit,  2  mins.,  to  remove  the  last  trace 
of  water  =  dehydration. 

11.  Wash  well  in  clearing  fluid,  to  clear,  and  thus  render 
transparent. 

12.  Wash  in  xylol  for  1  min.,  to  clear,  and  thtos  render  trans- 
parent. 

13.  Place  in  xylol  for  2  mins.,  to  clear,  and  thus  render 
transparent. 

14.  Drain  off  excess  of  xylol,  and  mount  in  Canada  balsam. 

15.  Label  neatly  and  carefully. 
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56.— STAINING  CELLOIDIN  SECTIONS. 

A.  — Ordinary  Methods. 
Apparatus,  &c.,  as  required  for  (55). 

1 .  ■  Float  the  section  on  to  a  clean  glass  slide. 

2.  Blot  quite  dry  with  several  layers  of  blotting-paper. 

3.  Filter  a  little  stain  on  to  the  section,  and  allow  it  to 
remain  till  sufficiently  stained  (about  10  mins.). 

4.  Wash  in  water. 

5.  If  necessary,  counter-stain  as  usual.  (55.) 

6.  Again  wash  in  water. 

7.  Wash  with  spirit. 

8.  Place  in  spirit,  2  mins. 

9.  Drop  on  the  section  a  little  carbol  xylol. 

10.  Clear  with  xylol. 

11.  Mount  in  Canada  balsam. 

Note. — Glove  oil  cannot  be  used,  as  it  dissolves  celloidin. 

B.  — Weigert's  Method. 

Appabatus,  &c.— Solution  of  copper  acetate  (xvii.),  Weigert's  haema- 
toxylin  (lii.),  dilTerentiating  solution  (li.),  carbol  xylol,  spirit  xylol, 
Canada  balsam,  capsules,  glass,  needles,  slides,  and  cover-slips. 

1 .  Embed  the  tissue  in  celloidin.  (49.) 

2.  Place  the  wooden  cube  with  the  embedded  tissue  into 
the  copper  acetate  solution  for  24  hours. 

3.  Cut  sections  on  a  sliding  microtome  (52),  float  them 
into  water, 

4.  Stain  with  Weigert's  hsematoxylin  for  at  least  2  hours. 

5.  Wash  well  in  water. 

6.  Differentiate  in  the  differentiating  solution. 

7.  Wash  well  in  water,  and  leave  the  section  to  wash  for 
12  hours. 
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8.  Place  in  methylated  spirit,  15  mins. 

9.  Place  in  a  second  capsule  of  methylated  spirit,  10 

10.  Place  in  cai-bol  xylol,  15  mins. 

11.  Place  in  xylol  till  clear. 

12.  Mount  in  Canada  balsam. 


57.-STAINING    FROZ£N    SECTIONS    FOR  FATTY 
CHANGES. 

A.— With  Marchi's  Fluid. 

APPARATUS,  &c.-Glass  capsules,  watctglass  neecUes  forc^^^^ 

and  cover-sUps,  blotting-paper,  labels,  clove  oil  Ciuiadaba^^^ 
spirit,  and  the  following  solutions :  Marchi  s  A^^d jxxsvii.),  pyrogauic 
acid  (xlv.),  oxalic  acid  (xliii.),  potassium  permanganate  (xUv.). 

1.  Place  the  sections  in  Marchi's  fluid  for  24  hours. 

2.  Wash  well  in  a  large  volume  of  water. 

3.  Wash  again  in  fresh  water. 

4.  Place  the  section  in  a  solution  of  pyrogallic  acid  for 
1  min. ;  it  will  turn  black. 

5.  Wash  well  in  a  large  volume  of  water. 

6.  Wash  again  in  fresh  water. 

7.  Place  the  section  in  a  solution  of  potassitim  permangan- 
ate for  1  min. ;  it  wiU  turn  brown, 

8.  Wash  well  in  water. 

9.  Again  wash  in  fresh  water. 

10.  Place  the  section  in  a  solution  of  oxalic  acid  for  5  mins. ; 
it  will  become  bleached, 

11.  Wash  well  in  large  volume  of  water  for  5  mins. 

12.  Wash  again  in  fresh  water. 

13.  Stain  the  section  with  alum  carmine  for  12  to  24  hours. 
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14.  Wash  well  in  water  for  |  hour. 

15.  Wash  again  in  fresh  water. 

16.  Place  in  strong  spirit  for  5  mins. 

17.  Remove  to  fresh  strong  spirit  for  5  mins. 

18.  Clear  with  clove  oil  for  2  mins. 

19.  Mount  in  Canada  balsam. 

B. — Staiwing  pgr  Fatty  Changes  with  Soudan  III. 

Appahatus.— Hsematein  solution  (xxxi.),  Soudan  in.  solution  (xlvl.t,  607„ 
spirit,  b  arrant  s  solution  (xx.),  capsules,  glass  needles,  blottmg-paDer 
slides,  and  cover-slips.  o  »-  r  > 

1.  Harden  the  tissues  in  formol-Miiller.  (45.) 

2.  Cut  on  freezing  microtome.  (50.) 

3.  Stain  with  hsematein.  (54.) 

4.  Wash  well  in  tap  water. 

5.  Stain  with  Soudan  III.  solution  for  3  mins. 

6.  Wash  in  60%  spirit. 

7.  Mount  on  glass  slides,  and  blot  oflf  excess  of  dilute 
spirit. 

8.  Mount  in  Canada  balsam. 

Note. — If  the  tissues  are  very  delicate,  or  if  it  is  otherwise 
•preferred,  the  staining  may  he  carried  out  in  hidk,  hy 
passing  S7naU  pieces  of  the  tissue  hm-dened  in  Milller's 
or  Marchi's  fluid  through  the  various  solutions  1-13, 
a/nd  then  embedding  in  p)araffin,  and  counter-staining 
{after  cutting)  hy  any  one  of  the  usual  methods. 

58.— STAINING    SECTIONS    FOR  AMYLOID  DEGENER- 
ATION. 

Apparatus,  &c.-Glass  capsules,  watch-glass,  beaker,  needles,  forceps 
blottmg-paper,  section  hfter,  slides  and  cover  glasses,  labels,  solul 
tions  of  methyl -violet  (xxxviii.)  and  acetic  acid  lo/o,  Farrant's 
inGCiiimi  (xx«)» 

1.  Place  the  section  in  a  solution  of  methyl-violet  for 
10  mins. 

2.  Wash  well  in  water. 
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3.  Wash  in  a  1%  solution  of  acetic  acid. 

4.  Wash  again  in  water. 

5.  Mount  in  Farrant's  medium. 


59.— STAINING   PARAFFIN   SECTIONS   BY  WEIGERT'S 
FIBRIN  METHOD. 


Apparatus,  &c,  as  for  (55),  and  in  addition  carbol-gentian-violet  (xii.) 
and  Weigert's  iodine  (lui.),  aniline  oil  and  xylol  (v.). 

1.  Pass  the  section  through  xylol  and  spirit  to  water. 


2.  Stain  in  alum  carmine  for  1  to  12  hours. 

3.  Wash  well  in  water. 

4.  Stain  with  carbol-gentian-violet,  5  to  20  mins. 

5.  Blot  oflF  excess  of  stain. 

6.  Pour  on  to  section  a  little  Weigert's  iodine,  leaving  it 
for  ^  min. 

7.  Blot  the  section  quite  dry. 

8.  Pour  on  aniline  oil  and  xylol  till  no  more  blue  colour 
comes  away,  and  section  is  quite  clear. 

9.  Wash  well  in  xylol. 

10.  Mount  in  Canada  balsam. 

Note. — («)  Fibrin.  Many  micro-organisms  and  the  colloid 
material  in  colloid  carcinoma  stain  a  deep  blue.  The 
tissue  is  counter- stained  with  alum  carmine. 
(6)  Frozen  sections  and  sections  embedded  in  celloidin  may 
also  he  stained  by  this  method,  after  floating  them  on  to  a 
glass  slide,  and  blotting  them  fvrmly  on  to  it.  The  stain- 
ing process  is  then  ca/rried  out  on  the  glass  slide  as  above. 


(55.) 
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60.— STAINING    PARAFFIN    SECTIONS    FOR  MICRO- 
ORGANISMS, 

Apparatus,  &c.,  as  in  (55),  and  in  addition  the  special  stains  required: 
Loifler's  methylene  blue  (xxxv.),  Weigert's  fibrin  method  (59),  Gram's 
method  (25,  C),  and  carbol  fuchsine  (xi.). 

A. — Staining  Sections  with  Loffler's  Methylene  Blue. 

1.  Remove  paraffin  by  passing  section  thi'ougli  xylol  and 
spirit  to  water.  (55.) 

2.  Stain  in  Loffler's  methylene  blue,  5  mins. 

3.  Wash  well  in  water. 

4.  Decolorise  with  spirit  imtil  sufficient  stain  has  come 
away,  and  the  histological  structure  of  the  tissue  is 
well  shown ;  p^'octice  alone  will  enable  the  wai'ker  to 
know  when  this  is  accomplished. 

5.  Blot  qmte  dry. 

6.  Clear  in  xylol. 

7.  Mount  in  Canada  balsam. 

B. — Staining  by  Weigert's  Fibrin  Method. 
See  (59). 

C. — Staining  by  Gram's  Method. 

1.  Remove  paraffin  by  passing  section  through  xylol  and 
spirit  to  water.  (55.) 

2.  Stain  with  carbol-gentian -violet  from  5  to  20  mins. 

3.  PoiH"  on  a  little  Gram's  iodine. 

4.  Wash  in  water. 

5.  Decolorise  in  spirit  till  no  more  blue  comes  away. 

6.  Clear  in  xylol. 

7.  Mount  in  Canada  balsam. 

8.  The  specimen  may  be  counter- stained  with  aliun  car- 
mine, as  in  Weigert's  fibrin  method,  if  required. 


95 


D.  Staining  Tissue  for  Tubercle  Bacilli. 

1.  Remove  the  paraflSn  by  passing  through  xylol  and 
spirit  to  water. 

2.  Place  in  warm  carbol  fuchsine  for  5  hours. 

3.  Wash  in  water. 

4.  Dip  the  section  into  25%  HOI. 

5.  Decolorise  in  spirit. 

6.  Wash  in  water. 

7.  Stain  in  methylene  blue  as  in  A. 

8.  Blot  quite  dry. 

9.  Clear  in  xylol. 

10.  Mount  in  Canada  balsam. 

Note. — Frozen  or  celloidin  sections  may  be  stained  as  above, 
if  2}reviously  mownted  on  a  glass  slide  as  in  (56). 

61  .—TO  STAIN  ELASTIC  TISSUE. 

Apparatus,  &c.— Bunsen  burner,  porcelain  capstde,  watch-glasses,  slides 
and  cover  slips,  spirit,  clove  oil,  Canada  balsam,  Unnas  orcein 
stain  (xlii.). 

1.  Place  the  sections  in  a  porcelain  capsule  with  a  little 
of  the  orcein  stain. 

2.  Warm  the  porcelain  capsule  over  a  Bunsen  flame  to  a 
temperature  of  about  30°  0.,  until  the  alcohol  in  the 
stain  evaporates  and  the  stain  becomes  quite  thick, 
about  10  to  20  minutes. 

3.  Wash  the  sections  in  a  large  volume  of  spirit  for 
5  minutes. 

4.  Place  in  fresh  spirit  for  2  minutes. 

5.  Clear  in  clove  oil. 

6.  Mount  in  Canada  balsa,m. 
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62.— STAINING  SECTIONS  OF  NERVOUS  TISSUE. 

A. — Heller's  Method. 

Apparatus,  &c.— Glass  capsules,  slides,  cover  sUpSj  glass  needles,  spirit, 
clove  oil,  Canada  balsam,  pyrogallic  acid  solution  (xlv.),  20/0  solution 
of  oxalic  acid,  0'25°/o  solution  of  potassium  permanganate,  Marclii's 
fluid  (xxxvii.). 

1.  Place  the  sections  in  Marchi's  fluid  from  1  to  12  hours. 

2.  Wash  thoroughly  in  water. 

3.  Transfer  to  pyrogallic  acid  solution  till  black. 

4.  Wash  again  in  excess  of  water. 

5.  Place  in  0'25%  solution  of  potassium  permanganate 
till  yellow. 

6.  Wash  in  water. 

7.  Bleach  in  1%  solution  of  oxalic  acid. 

8.  Again  wash  thoroughly  in  water. 

9.  Counter  stain  with  alum  carmine. 

10.  Wash  well  in  water. 

11.  Dehydrate  in  spirit. 

12.  Clear  in  clove  oil. 

13.  Mount  in  Canada  balsam. 

B. — Nissl's  Stain  for  Nerve  Cells. 

Apparatus,  &c.— Watch-glasses,  slides  and  cover  sUps,  glass  needles, 
Bimsen  burner,  blotting-paper,  96  "/o  alcohol,  methylene  blue 
solution  (xli.),  anUine  alcohol  (iii.),  oleum  cajuputi,  benzene,  benzene- 
colophonium  (vii.). 

1.  Harden  the  tissue,  which  must  he  quite  fresh,  in  96% 
alcohol  for  12  hours. 

2.  Transfer  to  fresh  96%  alcohol  for  12  hours. 

3.  Fix  the  tissue  {toithout  emhedding)  on  a  wooden  cube 
with  solution  of  gum  arabic. 

4.  Place  in  absolute  alcohol,  24  hours. 

5.  Cut  on  a  sliding  microtome.  (52.) 


6.  Stain  with  methylene  blue  solution  in  a  watch-glass, 
heating  slowly  over  a  small  flame  till  the  first  bubble 
is  given  ofi'  =  about  65°  C. 

7.  Differentiate  in  aniline  alcohol  until  no  more  large 
clouds  of  stain  come  off. 

8.  Float  on  a  slide,  and  blot  quite  dry. 

9.  Clear  with  oleum  cajuputi. 

10.  Blot  dry  again. 

11.  Pour  on  benzene. 

12.  Mount  quickly  in  benzene-colophonium,  from  which 
benzene  gas  has  been  driven  by  heating  over  a  flame. 


63.  — MICROSCOPIC  EXAMINATION   OF  TISSUES  FOR 
FREE  IRON. 

1  .^Hai'den  the  tissue  as  usual.  (45,) 

2.  Prepare  frozen  sections.  (50.) 

3.  Place  the  sections  in  a  2  %  solution  of  potassium 
feiTOcyanide,  30  minvites. 

4.  Remove  to  1  %  solution  of  hydrochloric  acid,  80  minutes. 

5.  Wash  well  in  distilled  water. 

6.  Stain  with  alum  carmine  2  hours,  dehydrate,  clear,  and 
mount.    (53,  A.) 
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64.— FORMUL/E. 

.  Agar  Medium. 

To  every  Htve  of  broth  add  20  gramme.s  of  agar 
(fibre),  which  ha,s  been  .soaked  in  1  %  acetic  acid  for 
I  hour,  then  well  washed  ;  boil  till  all  the  agar  Ls 
di8.solved,  neutralise  carefully  ;  when  cool  enough  add 
white  of  egg.  Heat  until  it  becomes  clear,  filter, 
sterilise  on  two  successive  days  for  1  hour. 

ii.  Alcoholic  Eosine, 


Eosine    -5  gi-ammes. 

Distilled  water  ...    30  c.c. 


Absolute  alcohol  ...  70 

iii.  Aniline  Alcohol. 

Aniline  oil  ...        ...     10  c.c. 

Alcohol  96%    90  „ 

iv.  Aniline  Gentian  Violet. 

90  c.c.  of  a  4%  solution  of  aniline  water  (filtered). 
10  c.c.  of  a  saturated  alcoholic  sol.  of  gentian  violet. 

v.  Aniline  Oil  and  Xylol. 

Aniline  oil...        ...  2  parts. 

Xylol        ...   1  part. 

vi.  Alum  Caemine. 

Carmine   5  gramme.'^. 

5%  .solution  of  alum    100  c.c. 

Boil  for  ^  hour,  cool  and  filter. 

vii.  Benzene-colophonium. 

Dissolve  colophonium  in  benzene,  filter,  and  evaporate 
to  required  consistency. 

viii.  Bismarck  Brown. 

Saturated  aqueous  solution  of  Bismarck  brown. 
Boil  and  filter-. 
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ix.  Bichromate  Solution. 

Sulphuric  acid    60  c.c. 

Potassium  bichromate     ...  60  grammes. 

Distilled  water    1000  c.c. 

X.  Broth  Medium. 

Take  1  lb.  of  beef,  trim  ofi'  all  fat,  add  1  litre  of 
water,  boil  for  10  minutes;  let  it  cool,  then  filter; 
add  to  this  10  grammes  of  peptone  and  5  grammes  of 
salt.  Steam  in  steriliser  for  i  hour,  neutralise  care- 
fully, heat  for  another  1  hour.  Filter,  sterilise  on 
two  successive  days  foi'  J  hovir. 

xi.  Carbol  Fuchsine. 

90  c.c.  of  a  5%  solution  of  carbolic  acid. 

10  c.c.  of  a  saturated  alcoholic  solution  of  fuchsine. 


xii.  Carbol  Gentian  Violet". 

10  c.c.  of  a  saturated  alcoholic  sol.  of  gentian  violets 
100  c.c.  of  a  1%  sol.  of  carbolic  acid  (abs.  phenol). 


xiii.  Carbol  Xylol. 

Xylol  

Carbolic  acid  crystals 


75  c.c. 

25  grammes. 


xiv.  Celloidin  Solution  (Thin). 
Perfectly  dried  celloidin 
Absolute  alcohol 
Ether   


4  parts  by  weight. 
50    ,,      ,,  measure. 
50    ,,  ,, 


Celloidin  Solution  (Thick). 
Perfectly  dried  celloidin  . 
Absolute  alcohol 
Ether   


8  parts  by  weight. 
50    ,,      ,,  measure. 
50    ,,     ,,  ,, 
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XV.  Citrate  Solution. 

Citric  acid   J  gramme. 

Sodium  chloride     ...        ...  J  „ 

Distilled  water       ...        ...  100  c.c. 

xvi.  Clearing  Fluid. 

Beech  wood  creosote  ...    100  c.c. 

Pure  turpentine     ...        ....    400  „ 

Mix  thoroughly. 

xvii.  Copper  Acetate  Solution. 

Saturated  sol.  of  copper  acetate     50  c.c. 
Distilled  water        ...        ...     50  „ 

xviii.  Ehrlich's  Triacid  Stain.* 

(Obtain  the  following  pure  dyes  from  the  Analin  Dye 

Company,  of  Berlin  : — 

Orange  g.,  Acid  fuchsin,  Methyl  green. 

Make  sa,turated  watery  solutions  of  the  three  dyes, 

and  clear  them  by  allowing  then  to  stand  some  days. 

To  prepare  the  stain,  make  the  following  mixture, 

using  the  same   measuring  glass,  and   from  the 

addition  of   methylene   green   onwards   keep  the 

liquid  thoroughly  shaken.) 


Orange  g.  solution  ...  ...  13*14  c.c. 

Acid  fuchsin  solution  ...       €'7  „ 

Distilled  water       ...  ...  15 

Alcohol        ...        ...  ...  15  „ 

Methyl  green         ...  ...  12'5  „ 

Alcohol    10  „ 

Glycerine     ...        ...  ...  10  „ 


The  solution  may  be  used  at  once,  and  will  keep  in- 
definitely. 

*  From  Ehrlich  s  Histology  of  the  Blood. 
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xix.  Esbach's  Picric  Acid  Solution. 


Picric  acid  . . . 
Dry  citric  acid 
Distilled  water 


10  grammes. 
...  20 
...  1000  c.c. 


XX.  Farrant's  Medium. 

Picked  glim  arabic 

Water 

Glycerine 


4  ounces. 
2  „ 


xxi.  Fehling's  Reagent. 

A.  CrystaUised  copper  sulphate      34-64  grammes. 
Distilled  water  up  to 


500  c.c. 


B.  Potassium  hydrate  ... 

Sodium-potassium  tartrate. 
Distilled  water  up  to 


125  grammes. 
173 

500  c.c. 


xxii.  Fixative  Solution. 

Egg  albumen  is  perhaps  the  best  fixative  to  use. 


Exiii.  Fobsialin  Solution  for  Museum  Specimens. 
Sodium  sulphate     ...        .••    40  grammes. 
Magnesium  sulphate         ...    40  „ 
Sodium  chloride     ...       •••    20  „ 
Dissolve  in  2000  c.c.  of  hot  water, 
add  160  c.c.  of  formalin. 

xxiv.  Formol-MOller  Solution. 

Muller's  fluid    98  c.c. 

Formalin     ...        ...        •••  2 
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XXV.  Gelatine  Medium. 

To  1  litre  of  broth  add  100  grammes  of  gelatine,  heat 
in  water  till  the  gelatine  is  dissolved,  neutralise 
carefully ;  add  white  of  egg,  heat  in  steriliser  till 
it  becomes  clear,  then  filter.  Sterilise  for  two 
successive  days  for  ^  hour.  Be  careful  not  to  heat 
gelatine  too  long,  as  it  will  not  set. 

xxvi.  Glacial  Acetic  Acid  Solution. 

Glacial  acetic  acid            ...       1  part  by  volume. 
Distilled  water    .300  parts  „  „ 

xxvii.  Glucose  Broth  Media. 

To  every  100  c.c.  of  broth  media,  which  should  have 
an  alkalinity  to  litmus  (about  5  to  7  c.c.  of  normal 
alkali  per  litre),  add  2  grammes  of  glucose. 

xxviii.  Glycerine  Solution  for  PRBSERviNc  Museum 

Specimens. 

Pure  glycerine  (best)        ...  60  parts  by  volume. 

Distilled  water       ...       ...  40    „      „  „ 

Sat.  sol.  of  potassium  acetate       2  , 

Formalin     ...       ...       ...  2  , 

Filter  before  use. 


XXIX.  Gram's  Iodine. 

Iodine        ...  ...  ...       1  gramme. 

Potassium  iodide  ...  ...       2  grammes. 

Distilled  water  ...  ...  300  c.c. 

XXX.  Gum  Arabic  Solution. 

Saturated  solution  of  gum  arable  in  distilled  water. 
Place  an  excess  of  pure  gum  arabic  in  distilled  water, 
and  keep  for  3  days  in  incubator,  shaking  occa- 
sionally.   Filter  through  fine  muslin. 
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XXxi.  H^MATEIN. 

Hjeiniitein  ... 

Alcohol 

Alum 

Dissolve  by  standing  i 
1000  c.c.  of  distille 


1  gi-amme. 

...    50  c.c. 

...    50  „ 
a  warm  incubator,  and  add 
water. 


xxxii.  Hypobromite  Sodium  Solution. 

Caustic  soda    100  gi^ammes. 

Water   250  c.c. 

Allow  mixture  to  cool,  then  add 
Bromine      ...        ...        ■••      25  c.c. 


xxxiii.  Jennee's  Stain. 

Procure  (1)  a  bottle  of  absolute  methylic  alcohol  (that  sold 
by  E.  Merck  for  analysis). 
(2)  Grubler's  eosine  yellow  shade,  soluble  in  waljer. 
(.S)  Grabler's  medicinal  methylene  blue. 
(4)  Two  perfectly  clean,  dry,  well-.stoppered  bottles. 
In  one  bottle  make  a  0-5%  solution  of  the  eosine  in 
methyllic  alcohol. 

In  the  other  bottle  make  a  0-5%  solution  of  the 
methylene  blue  in  methylic  alcohol. 
Keep  these  tightly  .stoppered. 

For  use — 

Eosine  solution       ...        ...      12'5  c.c. 

Methylene  blue  solution     ...      10  ,, 

Mix  them  in  ;i  perfectly  dry,  clean,  well-.stoppered 

bottle. 

The  reagents  mihst  he  perfectly  jmre,  and  the  bottles 
and  measuring  glass  chemically  clean,  otherwise  the 
stain  vnll  not  he  good. 

A  reliable  stain  may  he  obtained  from  Mr.  R. 
KantJiack,  18  Berners  Street,  W. 
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xxxiv.  Litmus  Solution  (Neutral). 

Soak  litmus  crystals  in  absolute  alcohol  for  24  hours, 
pour  off  alcohol,  and  wash  with  fresh  absolute  alcohol 
until  the  red-green  colour  has  disappeared.  Then 
soak  the  crystals  in  di.stiUed  water.  Decant,  and 
add  dilute  sulphuric  acid  to  the  solution  untU  it  is 
distinctly  acid.  Now  add  barium  oxide  with  great 
care  until  the  solution  becomes  blue  again.  Then 
pass  CO2  through  the  solution  until  it  is  again  acid. 
Keep  this  for  stock. 

Before  use  boil  a  small  quantity  of  the  stock  solution 
to  drive  off  the  OOg,  and  the  liquid  becomes  neutral 
litmus. 

XXXV.  Loffler's  Methylene  Blue. 

1  in  1000  solution  of  caustic  potash  ...  100  c.c. 
Saturated  alcoholic  sol.  of  methylene  blue...    33  „ 

xxxvi.  Loffler's  Serum  Medium. 

Collect  blood,  separate  the  serum.  To  each  litre 
add  30  c.c.  1  %  broth,  30  c.c.  of  glucose,  and  5  c.c. 
of  normal  caustic  soda.  FiU  into  tubes,  heat  to  60° 
for  I  hour,  on  three  successive  days. 

xxxvii.  Marchi's  Fluid. 

Miiller's  fluid    2  parts  by  volume. 

Osmic  acid,  1%  solution     ...    1  part    „  „ 

xxxviii.  Methyl  Violet. 

Saturated  alcoholic  solution  of  methyl  violet. 
Distilled  watei'. 

Add  the  methyl  violet  solution  to  distilled  water  till 
it  acquires  a  fairly  deep  violet  tinge. 
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xxxix.  Muller's  Fluid. 

Potassium  bichromate      ..         ...      2'5  gi-ammes. 

Sodimn  sulphate    ...        ...        ...      1  grauuvie. 

Tap  water  ,..        ...        ...        ...  100  c.c. 

Dissolve  in  hot  water. 


xl.  Neisser's  Sta.in  for  Diphtheria  Bacilli. 

One  gi-amme  of  methylene  blue  (Griibler's)  is  dis- 
solved in  20  c.c.  of-  96%  alcohol,  and  mixed  with 
950  c.c.  distilled  water  and  50  c.c.  of  glacial 
acetic  acid. 

Contrast  stain. — 2  grammes  of  vesuvin  are  dissolved 
in  1000  c.c.  of  boiling  distilled  water,  and  the 
solution  filtered  after  standing. 

xH.  Nissl's  Methylene  Blue  Solution. 

Methylene  blue  (Methy- 

lenblau  pat.)       ...     3*75  parts  by  weight. 

Yenice  soap    ...        ...     1'75     „  „ 

Distilled  water  ...    1000     „    by  measiu^e. 

xlii.  Orcein  Stain. 

Griibler's  Orcein  ...        1  part  by  weight. 

Hydrochloric  acid  ...        1    ,,    by  measure. 

Absolute  alcohol  ...  100  parts  „ 

xliii.  Oxalic  Acid  Solution. 

Oxalic  acid       ...        ...        2  parts  by  weight. 

Distilled  water...        ...    100    ,,  measure. 

xliv.  Potassium  Permanganate  Solution. 

Potassium  permanganate        1  part  by  weight. 
Water-   400  parts  by  measure. 
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xlv.  Pyrogallic  Acid  Solution, 

Pyi-ogallic  acid  ...  ...      5  parts  by  weight. 

Distilled  water    ..  ...  100     „     „  measure. 

xlvi.  Soudan  III.  Solution. 

A  satvirated  solution  of  Soudan  III.  in  96%  spii-it 
Filter. 

To  this  add  two-thirds  its  bulk  of  50%  spirit,  and 
again  filter. 

xlvii.  Sodium  Tungstate  Solution. 

1 .  Sodium  tungstate          ...      30  pai-ts  by  weight. 
Water    200    „     „  measure. 

2.  Sodium  tungstate          ...      30  parts  by  weight. 
30%  solution  of  acetic  acid     75    „     „  measure. 
Water    120    „     „  „ 

I 

xlviii.  Toison's  Fluid. 

Methyl  violet...  ...      0'025  grammes. 

Neutral  glycerine  ...    30'0  c.c. 

Distilled  water  ...    80  „ 

Add  to  this  a  solution  of 

Sodium  chloride        ...      1  gi'amme. 
Sodium  sulphate       ...      8  grammes. 
Distilled  water         ...    80  c.c. 

Filter  the  mixture. 

xlix.  Yan  Gibson's  Stain. 

Satvu-ated  solution  of  picric  acid ;  add  a 

0-5%  solution  of  acid  fuchsine  till  mixture  is  a  deep 
red  colovir. 
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1.  Von  Ebner's  Decalcifying  Solution. 

Sodium  chloride       ...       2-5  grammes. 
Hydrochloric  acid     ...        2-5  c.c. 

Alcohol    500  „ 

Distilled  water         ...    100  „ 

li.  Weigebt's  Differentiating  Solution. 

Borax    2  gi'ammes. 

Potassivim  ferridcyanide     ...        2-5  „ 
Distilled  water        ...        ..n    100  c.c. 

lii.  Weigert's  Hematoxylin. 

Solution  I. 

Hsematoxylin    5  grammes. 

Methylated  spirit    50  c.c. 

Solution  II. 

Lithium  carbonate  ...  1%  solution  in  water. 

Solution  1   5  c.c. 

Solution  II   50  „ 

Distilled  water    450  „ 

liii.  Weigert's  Iodine. 

Iodine   1  gramme. 

Potassium  iodide      ...  2  grammes. 

Distilled  water         ...  100  c.c. 


8tii*iio«wat9  and  Sons,  Towkb  Street,  CAjraniDeE  Ojbo«<,  W.C 


R.  KANTHACK, 

18  Berners  Street,  London,  W. 


MICROSCOPES 

By  LEITZ,   ZEISS,   and  SWIFT. 

Leitz  IB  Stand,  with  Leitz  |  and  J   ...   £11    0  0 

Swift's  D  Stand,  with  Leitz  f  and  ^   10  16  0 

Swift's  D  Stand,  with  Zeiss  A  &  D   11  17  0 

Oil  Immersion,    Leitz  £5  ;  Zeiss    8   0  0 


Complete  Catalogue  of  Microscopic  Apparatus 
on  application. 


Thoma-Zeiss  HEemocytometer 
Fleischl's  Haemoglobinometer 
Urinometer  and  Urine  Jar  .. 
Zeiss-Browning  Spectroscope 


£1  16  0 

3   3  0 

0    2  0 

2   0  0 




Stains  and  Reagents. 

R.  KANTHACK  supplies  none  but  carefully  selected  and 
TESTED  stains.  In  those  cases  where  complaints  have  been 
made  of  stains  obtained  from  him,  the  cause  has  invariably 
been  traced  to  careless  use. 


Sets  of  Stains,  as  mentioned  in  this  work,  in  fitted 
Tray,  price  from  10/6. 


CATALOGUES  ON  APPLICATION. 


DOQQ'  NEW  = 

lyVyOO  'STANDARD' 

Microscope  Stands 


SPECIALLY  DESIGNED  FOR  THK  USE  OF 

DEMONSTRATORS,  TEACHERS, 

STUDENTS,   ANALYSTS,  dec. 


Abridged  Specification. 

The  Body  Tube  has  the  Continental 
length  of  i6o  mm.  with  the  standard  screw 
of  the  Royal  Microscopical  Society. 

The  Stage  is  attached  to  the  lower 
portion  of  the  limb  so  that  great  rigidity  is 
secured.    The  stage  plate  is  of  vulcanite. 

The  Mechanical  Stage  has  rectangular 
movements  of  about  two  inches. 

The  coarse  adjustment  is  unusually 

substantial  and  sensitive.  The  motion  ob- 
tained is  sufficiently  accurate  for  all  necessary 
focussing  without  using  the  fine  adjustment 
e-Kcept  in  the  case  of  high-power  objectives. 

The  fine  adjustment  affords  an  ex- 
tremely sensitive  and  decided  movement  by 
the  direct  action  of  the  micrometer  screw. 


No.  2  MICROSCOPE  STAND,  of  medium  size,  £  s.  d. 
extremely  compact  and  portable.  It  has  inclining 
limb,  square  stage  (3^  x  3^),  with  vulcanite  plate, 
coarse  and  fine  adjustments  as  in  No.  i,  plane 
and  concave  mirrors  swinging  on  a  sliding  square 
fitting  ;  one  eye-piece  and  Iris  Diaphragm.  The 
body  tube  has  a  length  of  160  mm.,  and  the  draw  tube 
enables  this  to  be  extended  to  lo  inches  if  required    ...     6    5  O 

No.  2  MICROSCOPE  STAND,  with  Iris  Dia- 
phragm and  racked  substage,  which  may  be 
swung  out     its  position  when  not  required    ...       ...     7    5  0 

Abbe  Conuenser,  n.a.  1-2    15  0 

Mahogany  Case   from    O  15  O 


ROSS' 

MICROSCOPE  STANDS. 


NEW 
STANDARD 


No.  3  MICROSCOPE  STAND,  a  small 
and  very  portable  instrument,  having 
inclining  limb  and  coarse  and  fine 
adjustments  similar  to  Nos.  i  and  2,  a 
substantial  bronzed  stage,  3  x  3in., 
swinging  plane  and  concave  mirrors, 
one  eye-piece  and  Iris  Diaphragm 
under  stage.  The  body  is  furnished  with 
a  draw  tube  which,  when  extended  to 
the  length  indicated  by  an  engraved  line, 
is  160  mm  JE4  15  O 

Abbe  Condenser,  n.a.  12,  ex.  15  0 
Mahogany  Case .. .    from    O  10  O 


PRICES  OF  OBJECT  GLASSES  AND  APPARATUS. 


ij  m.  Object  Glass,  n.a. 


r 


4 


■17s. 
•22, 

■26, 

•6s, 
•6S. 


20" 

30° 
80° 
80° 


£1 
1 
1 
2 
2 


,,  ,,  (suitable  for  Biology) 
,,        ,,      n.a.  i'2  Oil  Imm.  .. 

.  ,,  ..  .  I"2 

Concentric  Revolving  Mechanical  Stage 

Vulcanite  Stage  ...   

Kye-pieces 

Pointer  fitted  to  Eye- piece  

Micrometer  added  to  Eye- piece   

Stage  Micrometer   

Camera  Lucida  ...   

Double  Nose-piece 
Triple  Nose-piece 

Abbe  Condenser,  i'20  aperture   

Abbe  Condenser,  i'4o  ,,   


each 


0 

2  10  0 
500 
0 
0 
5 
6 
3 
5 
7 
7 


5 
4 
1 
0 
0 
0 
0 
0 


0  17 

1  7 
1  6 
1  10 


For  fuller  particulars  and  other  sizes  see  Catalogue. 


ROSS 


Ltd. 


ESTD.  1830. 


Ill    NEW  BOND 


Manufacturers  of 
Microscopes,  Telescopes, 
^  Field  Glasses, 

Photographic  Apparatus, 
&c. 

STREET,    LONDON,  W. 


BRANCHES— 31  Cocksi'ur  Street,  Charing  Cross. 

35  Boulevard  du  Tempi-e,  Paris. 
MANUFACTORY— Clapham  Common,  London,  S.W. 


THE    .    .  . 

Scientific  Instrument  Co.^ 

CAMBRIDGE. 


MAKERS  OF 

MICROTOMES  AND  MICROSCOPICAL  APPARATUS. 


190O  PATTERN  ROCKING  MICROTOME. 

A  Great  Improvement  on  the  older  type  of  Microtomes. 
The  following  advantages  are  claimed  for  this  instrument : — 

I.  Impossibilitv  of  cutting  thick  and  thin  sections. 

2    Graduated  arc  for  showing  the  thickness  of  the  s  ction  . 

3.  Impossibility  of  tearing  sections  on  the  upward  move.nent  of  the 

object. 

4.  Catch  for  holding  the  object  above  the  razor  edge. 

5.  Improved  method  of  fixing  the  cord. 

Price  complete,  with  new  object  holder  &  razor  -  -  £5 


Earlier  Pattern  of  Microtome,  complete    £4   6  0 

Williams'  Ether  Freezing  Microtome      3    3  0 

Embedding  Baths,  complete,  from   2    B  0 

Embedding  Ovens  (prices  on  application). 

Von  Fleischl's  Hasmometer   3    0  0 

Thoma-Zeiss  Hremocytometer    240 

Agents  for  Zeiss  and  Leitz  Microscopes  and  Microscopical 
Apparatus  of  the  best  English  Makers. 

CATALOGUES    PO.ST    FREE    ON  APPLICATION. 
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